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P 11 E F A C E 


The art of manuring land is of paramount impor- 
tance to tlio farmer and those engaged in agi’icul- 
tural pui*suits ; and believing as I do that it is still 
entitled to much more consideration and study, 1 
have been induced to write the present volume, 
hoping that it ma}' be useful to those who wish to 
become better acquainted with the scientific prin* 
ciples on which the art of manuring all cultivated 
lands is based. 

I have been occupied for some years in the study 
of chemistry, biology, botany and collateral sciences ; 
and having a firm conviction that scientific know- 
ledge is a prime requisite in modern farming, I 
earenstly hope that my little volume will be tlie 
means of awakening new ideas in the rising genera- 
tion of farmers. 

Science, without doubt, is the farmer’s best friend. 
What would become of the fertility of the broad 
acres of Great Britain without artificial manures? 
Bari'en lands would be the inevitable result of any 

\Ji 
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s^'stein of agriculture which ignored the use ot 
mauiires. 

The origin of the art of manuring is ot great 
aiitiquif.3’^, and onlj' survives in the traditions of the 
great centres of civilization ot bj-goue ages. Its 
growth and development have been extremely slow. 
But it is gratifying to know that during the past 
few years farmers have turned, and are still turning, 
their attention more and more to the teachings ot 
science ; and it is to be hoped that the knowledge 
gained may bo increased a hundred-fold. 

The main object of the present work is to exhibit, 
in a concise form, various details concerning the 
use ol manm-es and the art of applj'ing them to the 
land. 

In Chapter I. is a short sketch of the rise and 
development ot British agriculture diu*ing the 
greater part of nineteen centuries ; and Chapter II. 
is devoted to the principles of manuring. 

I have also added a chapter giving the details of 
my own researches on the agricultural value of iron 
sulphote as a manure ibr various crops, which may 
prove useful for farmers and students. 

The remaining eight chapters are devoted to 
details concerning the more important manures used 
in tins and other countries. 

My best thanks ai-e given to Messrs. S. T. Griffiths 
J. Coultas, H. Follows, F.C.S., W. Stevens, the 
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Directors of Lawes’ Chemical Manure Co.. Vipan 
and Headly, T. 0. Kent, and the Directors of the 
Anglo-Continental Guano Co., tor valuable inibrmar 
tion. 

Having completed this “ absque I 

earnestly hope that it may prove useful in the 
hands of those interested in England’s oldest in- 
dustr}'. 

A. B. GRIFFITHS. 
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CHAPTER I. 

THE RISE AND DEVELOPMENT OK HRITISH AGRICULTURE. 

Belip:ving that a sketcli of the f'radual rise and develop- 
ment of any branch of human industry forms an instruc- 
tive as well as interesting prologue to a description of 
the technique of the industry in detail, tliis chapter is 
devoted to a brief review of the development of British 
agriculture from the time of the Romans to the present. 

According to Hume, “Britain (under Roman rule) had 
assumed an aspect of gi*cat prosperity. Agriculture was 
carried to such a pitch that the island not only fed itself, 
but also exported largo (|uantities of grain to the northern 
provinces of the empire.” 

There is little doubt that the ancient Britons learnt 
the “art” of cultivating the soil from their Roman 
conquerors. 

Many Latin authors (including Columella, Pliny, Cicero, 
Cato, Virgil, and Varro) wrote upon the subject of agri- 
culture, thereby diffusing a genuine love of farming and 
agricultural pursuits among the citizens of the mighty 
Roman empire. In those days, “ the work of the farm 
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was the 01113 ’ kind of inamial labour deemed worth 3 ’ of a 
free citizen.” 

After Colninella, the most prolific writer on ancient 
asi'iculture was Terentius Varro of Reate (born lltJ it.c.), 
who produced, at tlie age of eight}’, a work on “ Agricul- 
ture ” (in throe books), of the utmost importance. 

Although the Romans loved the cultivation of the soil, 
the}’ wore, as oveiybod}’ knows, far greater lovers of 
the “ arts of war ” than tho.so of " peace.” Hence, from 

the time of Hannibals wars, agriculture lost ground in 
Ital}’. 

The decline of agriculture in Italy proved the greatest 
boon to Britain, as well as to certain other dependencies 
of tho Roman empire. The ancient Britons had been 
taught tho agricultural art b}’ their Roman masters, and 
in tho fourth century we find the armies of Gaul and 
Germany chiefly depending for thoir subsistence upon tho 
regular annual imports of wheat from Britain. 

♦ Zosinus, tho historian, relates that in A.D. 359, the 
Emperor Julian despatched a floot of over seven hundred 
ships to Britain for wheat. Besides wheat, Britain’s 
farming industry supplied the Roman empire with horse.s, 
cattle, dogs, cheese, and manures (chalk, lime, and marl) ; 
and various Latin poets sang tho praises of British horses 
and dogs. 

During tho Saxon period (449 to lOGG), British agri- 
culture suifered from the incursions of tho Piets on the 
one hand and the invasion of the Saxons on the other. 
After the Saxons gained tho upper hand, and the country 
was restored to tranquillity, the Britons taught them the 
art of farming. 

According to Stow, “ the English people (of this period) 
might have been said to be graziers rather than plough- 
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men, for almost tlireo parts ol tho kingdom were set 
apart for cattle.” 

The Anglo-Saxon farmers did not generally understand 
the use of although various Roman authors had 

previously written upon the importance of this branch 
ot agriculture.t We leani from Smith's “ Wealth of 
Nations ” (Book I., chap, ii.) that tho lands of this period 
which were manured did not amount to a Iburth or filth 
part of tho whole farm. " The remainder was cultivated 
when that part of tho farm which had been for some time 
arable wa.s exlmusted of its natural fertility.” 

tlio- period which elap.scd between lOOG and 
1-lG, British agriculture once more suffered from “the 
devasUtions of the Conqueror at the commencement ol 
tho jioriod, tho wrotcliedne.ss of the people during the 
nineteen tuHmlont years of Stephen’s reign, and tho law- 
Ie.wness which distinguished tho unprincipled reign of 
Ring John at its close.” 

On the authority of Peter ol Blois, a crude system of 

manuring was in vogue during the jieriod, which consisted 

in the extensive application of chalk and marls to various 

soils. In fact, wo may call this period The Age ofCalca^ 
ri '0118 Mauun-s. 

From 121G to tho end of tho Plantagcnots, tho only 
additional manures recorded wore the excreta of animals. 
In “Fleta” (a law book of the period), certain instruc- 
tions are given for the collection of dung, and tho mode of 
applying it to the land; “ but the fertile properties of the 

soil were exhausted by taking off’ successive crops of the 
same kind.” 


‘ Sec Dr. A. B. Griffiths’ •• 
SeCo). 


Treatise on Manures,” p, 2 (Whittaker 
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Dunng the next hundreil years, or from 1399 to 1485 , 
very little progress was made in the art of cultivating 
the soil. In this period “arable lands were to a great 
extent converted into pasture. The two great causes 
\\hicli contributed to bring about this change were; 
Hrst, the scarcity of labourers, partly arising from their 
new position; and, secondly, the increasing value of 
wool, which rendered flocks more profitable than corn 
and grain.” 

Dunng this and the preceding age, the culture of 
arable lands was very imperfect, no doubt largely due 
to the soils becoming from coniinual cultivation 

of the same crops and the scanty «sc of manures. In 
Hallam’s “State of Europe during the Middle Ages,” we 
find “ that unless an acre yielded more than six bushels 
of corn (!), the fanner would be a loser and the land 
yield no rent. And Sir John Cullum, from very minute 
accounts, has calculated that nine or ten bushels (!) of 
wheat per acre was a full average crop.” 

As every farmer knows, twenty-five to thirty bushels 
of wheat per acre are not uncommon yields in these days. 
There is little doubt that the most important considera- 
tion in a true system of husbandry is to pay the utmost 
attention to the cultivation of crops by the use of the all- 
important jilantfoods which are called manures. Why 
are farmers able in this nineteenth cenfui’y to obtain 
thirty bushels of wheat from an acre of land, while their 
ancestors in the thirteenth and fourteenth centuries only 
obtained at the outside ten bushels ? Is not the popula- 
tion of Britain at the present time vastly greater than in 
the Middle Ages? And is not competition far keener? 
Notwithstanding that British agriculture has so many 
difficulties to contend with, the farmer of to-day is capable 
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oi making the constantly cultivated lauds yield thirty 
bushels of wheat per acre, the reason being that Practice 
and SciExcE have now taught liim to use a variety of 
plant-foods whicli produce hcaWnj and htxurinnf crops. 

Reverting once more to the history of our subject, we 
find that during the next hundred years or so (14ft5 to 
IG03), the development of agricultural methods becomes 
more assuring. “ The restraining hand of Henry VII. 
checked much of that arbitrary and oppressive spirit 
which had so frequently been detrimental to industry, 
and with the increase of security there came an increase 
of industrj', the jirogress of which was never afterwards 
rela.xed; so that towards the close of this period the 
work of improvement was everywhere in operation." 
Harrison states that the soil had become more fruitful 
than in times past, and assigns as the cause that “our 


countrymen are grown to be more painful, skilful, and 
careful, through recompense of gain, than heretofore they 
have been." One acre iiroduced now twenty bushels of 
wheat, or double the quantity of the precerling period 
Nordeii, who wrote in the time of Queen Elizabeth, 
speaks of the additional attention paid by farmei-s and 
othei*s to the maniiriug of lands. 


During the reign of the Tudors, man}- authors wrote 
upon the subject of agriculture. Among these were 
Eitzherbei t, Tusser, Platt, Goodge, Plattes, Hartlib (the 
friend of Milton), and others. Although books could 
have exercised but little influence on the minds of the 
rural classes, for the majority could not read, yet it 
appears that many of the ideas enunciated in Martin 
Tusser’s work soon came into common use. Tusser wrote 
against the growth of the same crops year after year 
upon the same land. His well-known couplet, 
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“ Still crop upon crop many farmers do take, 

And reape little profit for grcedincsse sake,” — 

had its value in turniii" the attention of agriculturists to 
a system of rotation which ultimately proved most benefi- 
cial for all lands. ^\ o also find from the writings of Sir 
H. Platt (l;>f)4) that there was a crude kind of “Agricul- 
tural Chemistry ” in existence. Platt introduced into his 
volume on soils what ho termed the “ philosophical trea- 
tises ’ of MM. Bernard Palissy and Franciscus Valotius, 
upon the properties of the “ Hn/crri-nf snlf." But agri- 
cultural chemistry could not make any real progress in 
those days, because every experiment had lii-st to undergo 
the test of accordance witli “ Holy Writ.” And as they 
found “in Scripture salt figuratively spoken of as both a 
blessing and a curse, it occasioned much trouble to the 
pljilosophical essa 3 ’ists to reconcile tlie conflicting pas- 
sages, and to harmonize their theory with both.” 

In the early daj's of the Tudors, the I'otation of crops, 

usually followed, was of little value. After a crop of rye 

or wheat, oats or barley wore sown in the spring, followed 

by a bare fallow. About the close of this dynasty, the 

cultivation of clovers was introduced into Britain from 

the Netherlands, which wore additional crops in the rota- 
tion. 

From 1()03 to IGGO Britain was too frequently at war 
for any substantial progress to be made in the art of 
cultivation. During this period the Feu districts in the 
oast of the country were extensively drained, thus adding 
considerably to the agricultural value of these lands. 

In 1GG8 appeared Worlidgo’s “ Sj-stema Agricultura,” 
a book which discussed drainage, irrigation, the cultiva- 
tion of green crops, and the subject of drilling corn by 
machinery. 
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Lord Macaulay ("The History of Euglaud,’’ vol. i., i>. 
H8) states that, “ iu the year 1085, the value of the pro- 
duce of the soil far exceeded the value of all the other 
fruits of human industry. Yet agriculture was in wliat 
would now be considered as a very rude and imj)erfect 
state.” 

Quoting from the author’s “Treatise on Manures ’ 
(page 4): “During the sevcntcouth and eighteenth cen- 
turies, there is little to write upon concerning the ‘nrt of 
mmuiring,' farmers’ attention being directed chiefly to 
the improvement of breeds of cattle and other farm 
animals.” “The writers on agriculture in tliis j)eriod 
inform us that farmers were commonly slovenly in their 
husbandry, slow to ])ractise now modes of culture, or to 
make use of new implements. Improvements were for 
the most part confined to the more intelligent of the 
country gentlemen, and to noblemen of largo landed 
property.” We find that many of these gontloineu 
farmers tried experiments on the fertility of different 
kinds of manures. Although bone-dust was used by 
Colonel St. Loger (on his farm near Donctister) in 1705, 
this important fertilizer did not come into general use 
until at least sixty or seventy years later. 

Passing from the last to the early part of the present 
century, we find, according to a certain writer, “ that the 
progress of agriculture consisted chiefly in the further- 
ance of plans and improvements already commenced, but 
at a rate of advance truly astonishing. Attracted by tfie 
high prices of every description of agricultural produce, 
capital was freely expended in bringing land into cultiva- 
tion, and iu developing the fertility of that already under 
the plougli. . , . Many of the practices of isolated 

districts which had become pre-omiucut for their su|>erior 
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husbandry, were brought into operation over a wider area. 
The wolds and clays were fertilized by chalk ; marling 
rendered the barren sands fi-uitful ; by the admixture of 
clay, the feus and peats became productive: and lime 
corrected the arid soil of the moorlands. Experiments 
were made on the rpicacy of manures and composts; 
draining ^ya3 more extensively practised; the improve- 
ment of hvc-stock was zealously pursued; root-crops 
and artificial grasses were more extensively cultivated, 
and now varieties of each introduced.” 

But, so far, agriculture had no fixed principles, and it 
was not until 1810 that Sir Humphry Davy gave to the 
world his work on “ Agricultural Chemistry.” This work 
was the lii-st attempt to explain, upon a true sdenfifie 
basis, the operations of manuring and cultivating soils. 
Thirty years after the appearance of Davy’s book, the 
immortal Liebig published his famous volume, “Die 
orgamsche Chemie in ihror Anwendung auf Agricultur 
uud Physiologic.” This book is one of those few works 
which stand out from all others on the subjects of which 
they treat. It is undoubtedly the most important work on 
agriculture ever given to the world as the results of one 
man’s researches and ideas. 

From the year 1840 to the present time, all the various 
artificial manures known have come into general use, 
and it is the object of the present work to describe all 
the most important fertilizoi-s used in British agriculture. 
As a summary of our hasty review of the gradual rise 

and development of agriculture and the art of manuring, 

since the Romans taught our ancestors the rudimentsof 
fanning, we submit the following table chronologically 
arranged, which may be of use to students 
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TABLE OF MANUKES USED IN BBITAIN 
(During Die grtaUr part of niiutten crnUirio). 


Periods. 



Homan 

Anglo-Saxon ') 
at)<l Danish / 
Norman aud \ 
Planlagcnet j 


Houses of 
Lancaster 
and York . 


House 

Tudor 




House of 
Stuart, The 
Coni mon- 
wealth and 
liestoratioD 
ofthoIIoQso 
of Stuart . 


House of 
B ru n 8- J 
wick 


1 


B.c. 55 to 
A.D. 110 


•110 to lur.G 
1006 to 1391) 


1390 to 1185 


1185 to 1003 


1003 to 1711 


1711 to 1810 


1810 to the 
present time 


Manures. 

i Dung, wood- 
ashes, lime, 
innr], and 
i chalk. 

Marls (chiefly) 

^ Marls, chalk, 
t and dung. 

Ditto. 


/ Dung, salt, 
lime, sand, 
coal-dust, 
fish -refuse, 
street -sweep- 
logs, malt- 
dust, vegetable 
ashes, etc. 


( Fannyard 
manure 
( (chiefly). 


Bono manures, 
farm-yard 
manures, salt, 
etc. 

Bones, guanos, 
Buper-pho.s- 
phatos, nitrate 
of soda, ammo- 
nium sulphate, 
etc., etc. 


(>cneml Remark!^ 


Agriculture 
^ flourishing. 

f No rotations of 
( crops. 

( Bare fallows in 
1 use. 

Pastures largely in 
use. Wool, the 
most important 
item produced ou 
the fann. 
Great improve* 
luents in farming. 
A primitive system 
of rotation. A 
crude agricultural 
chemistry. Clover 
and potatoes intro- 
duced into hus- 
bandry. 


Iniprovcinonts in 
breed.s of cattle. 
Draiungo of the 
Fen districts. 


Great improve* 
ments in cattle 
breeding. Hoot 
crops (turnip and 
mangel-wurzel) in- 
troduced into 
husbandry. 

Liebig formulates 
the laws of hus- 
bandry upon a 
scientific basis. 
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As everybody will agree with the author of Macca- 
bees,^ “ that it is a foolish thing to make a long pro- 
logue, and to bo short in the story itself,”— we conclude 
this chapter in the words of Dr. A. W. Hoffman: “To 
keep up the fertility of his fields, the cultivator of the 
soil has to make himself acquainted with its general com- 
position, as well ns with the nature both of the particular 
substances which ho is annually extracting from it, and 
ot those with wliich he must supply the loss. For each 
of these purposes the aid ol chemistry becomes indispens- 
able to the farmer. . . . The nature of mnnnrcs 

once clearly defined, almost cveiy agricultural imjirovo- 
ment at which practice had arrived by slow degrees, 
receives a satisfactory cxidanation, whilst a variety ol 
improved applications necessarily suggested themselves. 
Iho principles of fallowing and of the rotation of crops, 
and the theory of soil-burning, are no longer mysteries ; 
the action of lime, wood-ashes, and of bones is now 
])orfectly intelligible. . . . Perhaps there is no more 

striking illustration of the value of the aid which agricul- 
ture lias derived from Iier now ally, than the success 
which of late has attended the seai'ch for mineral manures. 
This search, directed by the philosophical interpretation 
of a few isolatexl facts, has been rewarded by the dis- 
covery of considerable quantities of phosphate of lime in 
various parts of England; thus realizing the prophetic 
anticipation of Liebig, that ‘ in the remains of an extinct 
animal world, England is to find the means of increasing 
her wealth in agricultural produce, as she has already 
found the great support of her manufacturing industry in 
fossil fuel, the preserved matter of primeval forests, the 
remains of a vegetal world.’ ” 


' Maccabees ii., c. ii, v. 32. 



CHAPTER 11. 


THE PinS’CIPLES; nK MAKL'HING. 

\\ HV <lo fanners a<l<f costly inanines to ilioir laiulsy 
What arc the use.s of manures? Cannot a full yiehl of 
wheat 1)6 obtained witljout nitrogenous manures, or of 
turnips without phosphates? Ko, it is impossible. It 
is an established fact, that if potash, lime, )'hos))liates, 
sulphates, and nitrogenous substance.s are continually 
e.xtracted front the soil by growing crops, tinless tlieso 
substances arc restored in the form of manure, such soils 
must gradually lose their fertility, and poor sickly jdants, 
liable to contract disease, will take the jilaco of healthy 
ones capable of yielding full crops. 

Therefore manures are of the utmost importance to 
llio farmer. A farmer who manures his soils feeds liis 
plants. Manures arc plant foods. From the mineral 
substances of the soil, )>his carbon and nitrogen, all farm 
seeds are capable of giving rise to mature plants, if tlicy 
obtain a fair share of moisture, warmth, and sunshine. 

Jiofation nf crops, or llic method of alternately grow- 
ing nj)on the same soil deep feeding plants and sliallow 
feeders, or those crops requiring, say, chiefly phosphates, 
to be followed by those requiring nitrogenous manures, 
altliough most useful in any systeni of hn.sbnndry, does 
not keep tlio soils in a fertile condition. 

Plants rerjuire for their development and growth an 

adequate supply of carbonic, nitric, sulplmric, and plios- 

phoric acids; also potash, iron, lime, magnesia, silica, 

otc.^, all of wliich are indispensable, altliough some of 

11 
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them are required in larger quantities than others. Thus 
we speak of a wheat crop requtring liberal supplies ol 
mtrogeuous manures, turnips requiring phosphates, and 
pota oes potash. But other mineral ingredients arc 
equally essential for the growth of these plants, although 
^ J ® absorbed in such large quantities. 

tio?of'^ """ composi- 

tions ol the crops already mentioned 



AIbu* 

iinnoiiU. 

Soluiilo 

Carbohj. 

drat«s. 

WocHly 

Kibre. 

Kat. 

Atth. 

j Water. 

1 (groin) . 

' Wheat (straw) 

• Wheat (brau) . . 

Turnips 

' Potatoes . . . ' 

11-30 

3-50 

14-70 

MO 

2-21 

68-1 

30-3 

49-8 

5-3 

21-30 

3-0 

46-2 

1.3-6 

1-0 

10 

1-5 
1-8 
4-3 
0-2 
0-21 1 

f 1*7 
■16 , 
57 1 

0- 7 1 

1- 21 

14-4 

13-6 

11-9 

91-7 

73-97 


rived f''" '•e- 

I ant. The following ingrcdient.s constitute the pereont- 
•-.ge cmurmsition of the ashes of the above cro,,s 


C* 

"o 


.a 

£ 


2190 11-670 


* Entire 
Wheat 
Plant . 

» ^Vheat 

(grain); I-124'32-392 

'Turnip t I 

(roots) 1-321 50-121 
■ Turnip I [ 

(leaves);o-98G 27-921 
’Potato ' 


Soda. 


(tubor8)'5-150 53-800 
’ Potato ' 


2-590 
2-497 
3 621 
7-024 
0-710 


Limo. 


Mag. 

ncsia. 


3-600 
10-668 
13-024 
35-620 
3-020 


(hauIm)iMOO 28-99015-520 17070 


5-530 

3- 784 
2-000 

4- 199 
7-910 
7-900 


Silica. 


PI>OS> 

pboric 

Acid. 


64-900 

1-964 

1- 215 

2- 134 
5 000 

3- 640 


4-490 

15- 269 

16- 412 
4-218 

15-630 

7-840 


Sul 
phiirlc 
Acid. 


4-05C 
1-294 
6954 
11-999 
6-210 
6-640 


Clilor* 

ino. 


0- 890 

1- 007 
6-328 
5-898 
3-500 

12-300 


i IIM^' “• Olumical SocUln. 1883-7). 
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These tables show that wheat requires nitrogenous 
manures. Upon analysis it yiekls from 3-5 to 14-7 per 
cent, of nitrogenous substances (albuminoids). Before 
maturity a liberal dressing of solublv pliosphates would 
prove highly beneficial, for the ash of wheat (grain) con- 
tains no less than 45f per cent, of phos|)horic acid. 

Turnips^ on the other hand, recpiire only a small supply 
of nitrogen, but large quantities of phosphoric acid and 
pota.sh ; while potatovR require potash manures, for the 
ash of the tuber contains nearly 54 per cent, of that 
ingredient. 

Though wheat, turnips, and potatoes require (for their 
growth) large supplies of nitrogen, phosphoric acid, and 
potash respectively, the importance of the minor con- 
stituents of their ashes must not be overlooked. All the 
ash constituents are indispensable for the growth of 
healthy crops. 

Some of the ingredients found in plants are obtained 
from the atmosphere, while others are absorbed from the 
soil during growth. Thus, the carbon forming the woody 
structures of plants i.s obtained from atmos{>beric carbonic 
acid. This gas contains carbon, and is represented by 
the chemical formula CO.. This formula show.s that car- 
bonic acid gas is composed of carljon and o.vygon in the 
atomic proportion of 1 to 2 (i.r. one atom of carbon linked 
to two atoms of oxj’gen). The following table ropre.sent8 
the constituents of plants derived respectively from the 
air and soil ; — 



MANURES AND THEIR USES. 


Constltucnls of PJanlR. 


9) 

o 

a 

a 

s 


C «C 
cS 

« *S 


9> • 

» O ^ 
O W «-» 

^ <s ^ 


From Air 
(A). 


f Carbon 
i Hy«lrogcn 
( Oxygen 
Nitrogen . j' 
Sulphur . I 
riiosnborus ' 


Iron Oxido . 
Potash 
Soda . 

Lime . 
Magnesia . 
Silica . 
Plioaplioric 
Acid 

Sulphuric 
Acid 
Chloriiio 


m 
o ^ 

c S 

9 9 

Ar*^ 
w « 
C 
c 

u 



A (parily) [?) 
A (partly) (?J 


From Soil 
(S). 


S 

S 

S 

S 

S 

S 

S 

8 

S 

8 

S 

8 

S 

s 


Prom the above table the tanner will see Iiow important 
it is that all cultivated soils should contain tlie necessary 
foods for plant nutrition and growth. 

It has been often argued that most soils contain a 
plentiful supply of the minor constituents found in the 
ashes of plants. Therefore it is unnecessary to add the 
minor plant foods to the soil. M. Ville states that only 
nitrogen, potash, lime, and phosphoric acid need be added 
to any soil, in the fonn of manure. This, in our opinion, 
13 an erroneous idea. Many of the minor constituents 
may possibly be present in more than a sufficient quantity 
of any crop’s ultimate total requirements ; yet the crop 
does not produce a full yield, and is often diseased. In 
most soils those constituents are to be found in the form 
ofniBoluhle compounds, which are only partially rendered 
soluble during the life of ordinary farm crops. It must 
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not bo forgotten that liquid and gaseous matters are afono 
admitted into the interior of plants. Solids are never 
absorbed by the rootlets of jdants. 

The rootlets of most jdants secrete a slightly aci<l sub- 
stance which dissolves the otlierwiso htsoluOlc consti- 
tuents of the .soil. But, as fann crops only live for a few 
months at tlie utmost, it is a |>olicy wliich pays in tlio 
long run for the farmer to help nature by adding not only 
such manures as phosphate.s, nitrates, and potash, but the 
Dimoi’ coniftitucnfs in the form of soluble comj)ounds. 

There is little doubt that many farm crops are miser- 
able failures, because the soil is incapable of properly 
nourishing them. 

By way of example we will take iron as a minor con- 
Htituent of the soil. Suppo.so the soil containoil 4 to 5 
per cent, of iron* a.s /nsolublo compounds, also that the 
croj> grown uj)on .such a soil required for its proper 
growth and nutrition 4 per cent, of iron, but by means of 
the acid .secretion of the rootlets only onr j)er cent, of 
this element was rendered soluble and taken into the 
plant during its period of growth, such a crop could not 
])ossibly produce a full yield. The farmer, in this case, 
may have manured his soil with superphosphates, etc., 
yet the crop is a failure. This example is no theoretical 
idea, but the outcome of extensive field experiments. 
The author of the present work grew, during the sca.son 
of 1883, beau crops upon a soil of yood qtudUy and of 
known composition. This soil contained 3-90 per cent, of 
iron oxide {inaolnble). Two plots of land (one acre each) 
were marked off. One plot was manured with ^ cwt. of 


* Iron ia generally found in most foils, in the form of insoluble 
compounda. 
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h'oyt sulpliate (solubU ). The other plot was not manured 
with “ soluble iron.” Upon each plot was set the same 
number of bean seeds. At the harvest the following 
results were obtained : — 



Crop A. 

Ctor B. 


1 

Plot manoretl >Tith 

1 soluble iron. 

riot not mnnure<l 
with iron. 


Woiffht ' 
when 
gnUiero^l. 

WciKbt ) 
when dry. 

furthered. 

Total weight of crop 
(grain and straw) . « 

C.783 lbs. 

5,882 lbs. 

5,210 lbs. 4,487 lbs. 

1 

Yield of grain .... 

5G bushels. 

1 

1 35 bushels. 


On submitting the ashes of these plants to chemical 
anal^’sis, it was found that those grown 7 vith the iron 
manure gave 4'2 per cent, of iron oxide and an increased 
yield ; while the plants grown without this substance 
yielded only l OG per cent.* 

This is a fair illustration of the importance of what is 
known in scientific agriculture os the of minimum^ 

A soil destitute of any mineral ingredient requisite for 
plant life may become more or less barren, since it is the 
minimum of any one essential ingredient, and not the 
maximum of others, which is the measure of fertility. 
And “ n soil may contain an abundance of potash, lime, 
phosphoric acid, iron, etc., and j'et be almost barren it 
these substances exist as insoluble compounds.” - In the 

‘ Dr. Griffiths, in Joum. Chem. Soe., 1084, p. 71. 

* “ A Treatise on Manures, p. 13. 
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words of the late Dr. Anderson : “ If, for example, a soil 
contains a sufficient quantity of potash to yield, sav, 
twenty full crops of wheat, and of the other constituents 
of that plant enough to yield forty crops, the excess of 
the latter will be unavailing, and the soil would be ex- 
hausted by twenty crops. If, now, we added to sucli a 
soil a supply of potash, it would again become capable of 
producing a crop, and would go on doing so until some 
other substance had been entirely consumed, when it also 
would have to be added ; and so on nntil, all being re- 
moved, the soil would at length end in a complete infer- 
tility, which would duly be retarded, and not prevented 
by this mode of operation. To maintain during an wn- 
limitcd series of years an uniform amount of produce, it 
would be necessary to add, ycav by yvar, a quantity of 
the elements of plant-food equal to that which the crop 
removes; and the necessity fordoing this is so obvious 
that it cannot be controverted, and may be safely as- 
serted, that it is a point on which all scientific and prac- 
tical men are entirely at one.” 

“This being the principle on which the cj.'hauation of 
the noil is to bo avoided, we have only to carry it out a 
little further to draw the conclusion, that if we give it a 
larger quantity of the elements of plant-food than is re- 
quisite to roj)laco what has been removed, its productive 
capacity must bo increased, and it will become capable 
of yielding a larger crop than it did in its original 
state. Tins is, in fact, ihc foiindntion of the use of 
tuanures." 

The next table gives the composition of various barren 
and fertile soils. 


C 
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BARREN AND FERTILE SOILS. 



li.MRC5 Soils. 

Fkbtili: Soils. 

TciUy. 

SaJMl3-. 1 

Pcatv. 

Clnycy 

loum. 

Brack 

sandy 

iDonld. 

I/>am. 

Silica .... 

418 

0600 1 

7-06 

80-75 

07*20 

58-14 

Organic matter 

8U-14 

1-400 

00-44 

4-02 

9*30 

Oil 

Fenic oxide . . 

0-23 

2000 

012 

3-93 

2*13 

4-20 

Manganese oxide . 


Trace 





Alnmina . . . 

0-.'>8 

0-500 

0-63 

2-02 

10-25 

17-60 

Magnesia . . . 

017 1 

Trace | 

0-08 

1 0-.50 

006 

1-05 

Lime carbonate . 


1 

1 

3-26 


— 

Lime sulphate 


1 

1 

0-26 


— 

Rotasb aud soda . 

1 


001 

0-36 

MV 

- - 

Water .... 

4-53 

1 


2-73 

3*42 

2-47 

Lime ..... 

1-15 

0001 

0-65 


1-84 

2-27 

Potash .... 

Trace 

Trace 



2-23 

2-73 

Soda 


. Trace 

. 1 ■ 


1-99 

1-39 

Sulphuric acid 


\ Trace 

0-10 


0-11 

0 14 

Phosphoric acid . 


I Trace 

0-02 

0*38 

0-31 

0-27 

Chlorine . . . 


1 _ 

1 

1 

— 

0-66 

0-54 


10000 

t 

100-00 

' 100-00 

■ 

100*00 

1 

100-00 

100-00 


During the growth of farm crops, some absorb large 
quantities of sohiblc silica, while others require very little 
of that compound. If a crop requires a comparatively 
large amount of potash, it should be followed by one re- 
quiring for its growth only a small amount of that sub- 
stance. By this method a certain amount of potash comes 
into the soil, through the disintegration of the rocky 
masses beneath the subsoil. 

The following diagram shows the chief mineral in- 
gredients removed from a soil during a Norfolk rota- 
tion : — 
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I. 



Tlie above figures represent tlie percentages of the in- 
gredients in the fiahcs of tlie plants (/.c., the percentage 
of the “ ” ingredient, in each case, absorbed 

from the soil). It will be seen that a crop of turnips 
c.\tracts a large amount of potash from the soil. For eco- 
nomic fanning turnips ought to bo followed by a crop 
requiring only a small amount of potash. In the Norfolk 
rotation turnips are followed by barley, which absorbs 
chiefly silica; and this crop is followed by clover, which 
is soinetiines called a “lime plant.” 

Although “ rotations ” are useful adjuncts in any 
system of agriculture, yet the farmer must never forgot 
that even “ rotations ” and ordinary farmyard manure 
alone are incapable of preserving the fertility of an^' soil. 

In conclusion, the fertility of a soil can only be re- 
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tained by tho farmer thoroughly understanding the 
undermentioned laws, and applying them in his system ol 
husbandry : — 

(1) “A soil can bo termed fertile only when it con- 
tains all tho materials requisite for the nutrition of 
plants in tho required quantity, and in the proper form.” 

(2) “ With every crop a portion of these ingredients 
is removed. A part of this portion is again added from 
the inexhaustible store of the atmosphere ; another part, 
however, is lost for ever if not replaced by man.” 

(3) “The fertility of the soil remains unchanged it 
all the ingredients of a crop are given back to the land. 
Such a restitution is effected by manure and by the 
atmosphere.” 

(4) A soil may contain an abundance of potash, lime, 
phosphoric acid, iron, etc., and yet bo almost barren, if 
these substances exist as insoluble compounds. 

(5) A fertile soil must be of such a texture as to 
admit free access of air, although at the same time it 
must not bo too porous, but firm enough to afford 
proper support to growing crops. 

(6) The soil must be capable *of retaining a certain 
amount of water, yet porous enough to allow an excess 
to drain away. 

(7) A certain quantity of organic matter must be 
present, for it causes the disintegration of the soil, and 
renders it more friable. It yields nitrogenous matters 
to the crops, and has the power of retaining certain 
soluble substances in light soils. 

There must not be an excess of organic acids present, 
or “ sour” land is the result. 

(8) “ The manure produced in the course of hus- 
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tandr}’ is not sufficient to permanently maintain the 
fertility of a farm ; it lacks the constituents whicli are 
annually exjjorted in the shape of fp'ain, hay, milk, and 
live stock.’"’ 

The reason why our .soils require the addition of 
manures will now be apparent, for “ profitable fanning 
necessitates the maintenance of the land in an increasing 
rather than a decreasing state of fertility.” 


’ Cake manure is not included here. 



CHAPTER m. 


ORGANIC MANURES. 

In tljo words of tho lato Mr. Baldwin, “ we have for 
centuries subjected the soil to a slow system of spolia- 
tion, we have weakened the links which complete tho 
circle of fertility ; and if we blindly persevere in the 
same course, tho chain will sooner or later snap, as svirely 
as effect follows cause.” To arrest this spoliation, there- 
fore, and restore the land to fertility, it is of paramount 
importance that the practical agriculturist should have a 
thorough knowledge of manures and their uses. 

Tho object of manuring is to replace in the soil those 
substances which have been extracted from it during the 
growth of crops. If these substances are not replaced, 
how can the land remain fertile? Some farmers have 
rather crude ideas of the use of manures. To these, we 
say, study tho composition and nature of your soil, and 
the requirements of each crop grown, and it will be 
evident that phosphates, nitrates, sulphates, etc., re- 
quired for the growth and maturity of plants, must be 
present in all cultivated soils. If farm crops are con- 
tinually extracting these substances from tho soil, com- 
mon sense dictates that we must replace them if fertility 
is to be preseiwed. The soil does not contain an in- 
exhaustible supply of these substances. Therefore, it 

S3 
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becomes a necessity tlmt the use of different kinds of 
manures for soil fertilisers) is the only means of keeping 
the lands in a fertile condition. 

It would be better for British agric\ilture if fannei*s 
paid more attention to the subject of manuring. “Would, 
indeed, that the agricultural could copy a little more 
from the manufacturing industry than it appeai-s to be 
doing! How much it has to learn in dealing with diver- 
sities of soil, in the reclamation of waste lands, in the 
introduction of machines and implements of liusbandry, 
in the vse of manures^ and above all in the economy ol 
labour and the application of scientific principles in the 
management of farms I ” * 

The various manures or plant-foods used in this and 
other countries of which we now propose to treat, may be 
classified* as follows: — 

(n) Organic manures. 

{b) Artificial manures. 

(c) Special manures. 

These three divisions may be subdivided according to 
the following table: — 


* Prof. Leone Levi's " Work and Pay," p. 19. 

* The above clasaiGcation la only a conventional ono, for '* it is 
Lard to draw the lino between organic and artiQcial manures ; " and 
OH no fixed rule can be given for classifying them, any system 
adopted is simply a matter of opinion. 
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TABLE OF MANURES. 


Organic. 


FarujyarJ matmre 
Human excrements 
Urine or liquid 
manure 

Sewage manure 
I’oudrctte 
Composts 
Sheep.fold manure 
Ulood manures 
Leather 

Hides, horn, hair, 
etc. 

Woollen refuse and 
shoddy 
Oii-cakes 
Brewers’ grains 
Brau of wheat 
Fish refuse 
Seaweeds 
Green manures 


I 


ArtiQciitl. 


Special. 


Raw bones 

Boiled and steamed bones 
Bone black 
Bone-ash 

Bono superphosphate 
Bone-ash superphosphate 
Unanos 

Rodunda phosphate 
Coprolites 
Mineral phosphates 
Thomas phosphates 
Superphosphates 
Dissolved wool 
Dissolved Peruvian gnano 
Retrograde and precipitate 
phosphate 

Ammonium sulphate 
Ammouiacal liquor 
Bpent iron oxide 
Nitrate of soda 
Nitrate of potash 
Soot 

Kainit and Carnellito 
Vegetable ashes 
Noi^vegiau fish potash 
guano 
Lime 
Gypsum 

Salt and sodium salts 
Snlphnte of iron 
Sulphate of magnesia 
Silica 


For roots 
potatoes 
turnips 
grass 
cereals 
mangels 
oats 

beans, eto. 


The next classification is based upon that of Drs. 
Stiickhardt and Voelcker, the arrangement being made 
according to the composition of the manures, and the 
various plant-foods they are capable of adding to the 
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Among the artificinl manures, guano, nitrate of soda, 
and ammonium sulphate are the most important ; although 
all the necessary plant-foods must be present in cultivated 
soils if the crops are to attain a healthj’ growth. 

The accompanying map (Frontispiece) shows the various 
countries of the world containing natural deposits of 
nitrogenous, phosphatic, and other manures. 

It is impossible, within the limits of this small treatise, 
to give a full description of the properties and maiixirial 
value of all the fertilizers mentioned in the preceding 
tables. Ample information will, however, be given con- 
cerning the most important manures ; the minor fertilizers 
and their uses will have less attention.^ 

The first manure to be considered is farmyard manure. 

(1) Farmyard Maxure. 

Fanuyard manure, regarded by farmers and others ns 
the most important fertilizer for all cultivated soils, is 
a mixture of the solid and liquid excrements of farm 
animals with straw, moss, etc., used as litter. 

This manure is erroneously supposed to contain all the 
necessary plant-foods required for the growth of crops. 
If it contains " all the fertilizing constituents essential to 
the growtii and fructification of plants,” why do farmers 
use guanos, phosphates, nitrates, etc.? Surely these arti- 
ficial manures are too costly to apply to the land if farm- 
yard manxire is capable of producing healthy as well ns 
full crops.” It is, however, known that the land cannot 
retain its maximum of fertility if farmyard dung is the only 
manure used. In the words of M. Ville, “ the farmer who 
uses nothing but fa rmyard manure exhausts his land.” 

' For fuller information eee the author’s “Treatise on Manures” 
(Whittaker & Co.). 
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The use of farmyard manure alone has a tendency to 
withdraw from the soil a considerable amount of phos- 
phate of lime and nitrogen. For a large amount of 
phosphate of lime and nitrogen (originally in the soils 
and afterwards in the food of farm animals) is used up 
in the formation of bones, nerves, and muscles of the 
animals producing the manure. The nitrogen, phos- 
phates, etc., sold off the farm in the form of flesh, bones, 
and milk, are never returned to the soil in the excrements 
of farm animals. Therefore it becomes a matter of the 
utmost importance that other fertilizers, besides that 
jjioduced in husbandry, mu.st be returned to the soil, if 
our soils are to remain fertile. 

Farmyard manure has no constant composition. Its 
composition varies with the class and ago of the animal 
producing it. The quality of their foods, method of pre- 
paring the manure, and the nature of the litter, all in- 
fluence the composition of farmyard manure. 

During the fattening of farm animals (f.r., when they 
are fed upon oil-cake, etc.), the manure is always richer 
than at other times. 

In every lbs. of linseed cake used as food, CG lbs. 
of nitrogen, 81 lbs. of phosphoric acid, and 15 lbs. of 
pota.sh are returned to the soil in the form of manure. 
With beans as food, l,00t) lbs. return in the excrement.s 
41 lbs, of nitrogen, 11| lbs. of phosphoric acid, and 12 
lbs. of potash. With 1,000 lbs. of tuniijjs as food, only 
2 Ib.s. of nitrogen, i lb. of phosphoric acid, and 3 lbs. of 
])otash are returned os manure. 

Oil-cakes yield the richest manures, then come legu- 
minous crops, ne.vt cereals, and finally roots (like pota- 
toes, inangel.s, and turnips). 
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Professor H. Tanner, F.C.S., quotes the following 
analyses of fresh and rotten farmyard manure ; — 

COJrPOSITION OF FARMYAKD MANURE. 


Kbisq. 


Water 

Soluble organic matter 
^ Soluble silica . 
Phosphate of Ur 
Lime .... 
Magnesia . . 
Potash . . . 
Soda .... 
Sodium chloride 
Sulphuric acid. 


U 


S .2 
"o *S 

CO OS 
CO 


o 

e 


loss. . . . 
Value of soluble matter 


Doitkx. 


Insoluble organic matter 
' Soluble silica 
Insoluble silica 
Oxide of iron and 
phosphates 
Lime . . . 
Magnesia . 
Potash . . 

Soda . . , 
Sulphuric acid. . 
Carbonic acid and 
loss. . . 


U 

St 

3 a 
0 

O *2 

O 

B 


Value of insoluble matter 
Voluo of soluble matter . 
Total value of o ton of 
manure 


ko, 

of 

in oarti 
ton. 

Vnhie. 

Na 
of Iba. 
in each 
ton. 

Valao. 

14B2I 

iL 

lC89i 

*. d. 

55,1 

2 0 

83 

i 0 



GJ 

- 

Ci 

0 5 

83 
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G 9 
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0 7} 
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— 
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6 83 


7 31 
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From the above analyses, one ton ol well-rotten farm- 

V I 

yard manure contains 15 cwts. of water, 4 cwts. of other 
materials, and only -ITj lbs. of fertilizing ingredients. 
Therefore, the plant-foods contained in farmyard manure 
bear but a veiy small proportion to its mass. 

According to the above analyses, farmyard manure 
contains no less than 75 per cent, of water. 

In the fresh state, farmyard dung contains only a small 
quantity of ammonia or nitrogen in a soluble condition. 
The nitrogen is chiefly in the form of organic matter, 
which is insoluble, therefore it cannot be absorbed by the 
rootlets of plants. Root-absorption only takes place when 
the substances are in the liquid or gaseous condition. No 
plant absorbs solid matter. On tlio other hand, well- 
rotten dung contains a certain amount of nitrogen in the 
form of ammonia, wl»ich is ndhtJAt' in water, and is there- 
fore ready to be taken up (after oxidation, etc.) by the 
rootlets of farm crops. 

During the frnnentation of farmyard nianuiu various 
changes take place. The straw, vegetable matters, etc., 
along with the excreta, undergo a certain cbaiigo brought 
about by the agency of microscopic organisms. This 
change is termed nitrijicatiou. 

Nitrification is due to the life-work of certain micro- 
organisms present more or less in all soils. Amongst 
these Jiacillus tardrcrcsccng, Itnctcnum uirai (Leube and 
Graser, in “Virchow’s Aichiv,” vol. c. p. 555) [Fig. 2n), 
and JinrilluK fiuor('8ceiig[F\g. 2a), all nitrify organic matter 
(like urea), forming small quantities of nitrates. 

Although the above micro-organisms are capable ol’ 
mtrifying organic matter to a certain extent, the “or- 
ganism [or organisms] which nitrifies as soil nitrijics has 
3 ^t to be isolated ” (Warington). 
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One of the first products formed during the nitrification 
of organic matter is ammonia. The ammonia is tlien 
oxidised, and becomes nitric acid. The nitric acid com- 
bines with certain bases (like potash, soda, and lime) 
already in the soil, forming nitrates which arc soluble in 
water, and thereby become valuable plant-foods. 

Other changes, besides nitrification, occur in the or- 
ganic matter of farmyard manure during its fermentation. 
One of these is the oxidation of the carbohydrates (/.r,, 
the woody ])ortion, etc.). The carbon of these substances 
is converted into carbonic and organic acids. These acids 
are neutralized by the potash, lime, etc., of the soil, at 
the same time producing active and dormant plant-foods. 

“The temperature of fermentation should not be al- 
lowed to ri.^e in the centre of the heap above 150*'^ F., as 
loss of valuable ammonia is the result. The temperaturo 
(a.scertaincd by an ordinary thermometer) should be regu- 
lated by water, or better still, liepud manure (viz., urine, 
or stable runnings). The heap should not be drenched, 
or the valuable nitrogenous comiiounds will run into the 
drains. A strong odour coming from the heap shows 
that a wasteful fermentation i.s going on. . . . If the 
farmyard manure contains too small a proportion of litter 
'Straw, etc.), the urea contained in urine is tjuickly con- 
verted into anunouium carbonate,” • which is a very vola- 
tile compound. The volatile arnmojiium carbonate may 
bo “fixed ” by watering the manure heap with a solution 
of commercial iron suljihatc. The author lias shown that 
iron sulphate has the power of retaining ammonia in 
soils {Joimial Chemical Socifiy, 1883-87); and Mr. T. C. 
Fletcher, in his “ Scientific Farming made Easy,” “ re- 


‘ Tlic author's ** Treatise oo Manures, " pp. 34, 3o. 
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commends that sawdust moistened with a solution of iron 
sulphate (1 cwt. of iron sulphate to ICX) gallons of water) 
should be spread on the floor of the stable, cowhouse, 
piggery, etc.” 

By this means the ammonium carbonate is converted 
(by tlie iron sulphate) into a double sulphate of ammonium 
and iron, which is non-volatile. 

The Litter used in the “court yards” is an important 
item in the preparation of farmyard manure. Straw and 
moss are the two principal forms of litter used in this 
country. In Germany, peat-moss and bracken ferns * are 
used (with considerable success) as litter. Fern litter is 
also used in the New Forest. 

The nature of the litter effects the composition ol the 
farmyard manure. 

Certain experiments show that moss litter yields a far 
better manure tlian the straw of wheat, barley, or oats. 
All crops requiring supplies of nitrogen yield fuller and 
better produce when grown with moss-litter manure than 
with straw-litter manure. Moss makes a bettor manure 
for light sandy soils, and the after effects are gi’eater 
than when straw is employed. 

Moss contains nearly 2 per cent, of nitrogen, while 
the straw of oats, wheat, and barley does not contain 
i per cent, of this fertilizing element. 

* lu the time of the Romans fenu wore largely used as litter. 
Virgil mentions the use of fern and straw litters for sheep. He soys 
in his " Georgies ” (Liber III.) 

“Incipiens stabulis edico in mollibus herbam 
Carpero oves, dura mox frondosa reducilur rostas ; 

Et multa duram stipula filicumque maniplis 
Stemere subter humum, glaciesne Irigida Itedat 
Molle pecus, scabieraque ferat turpesque podagras.” 
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It imist be reniomborcil that too jiiuch sti'aw, moss, 
etc., lessens tlie maiiurial value of tlie excreta of farm 
animals; on the otlier haml, there must bo suincieiit 
litter to absorb the liquid excrements, “which contain 
the largest percentage of nitrogen, and nearly all the 
potash of tho two classes of excrements. The manure 
should not be kept too moist, as valuable ingredients are 
apt to pass away by <lrainage ; and too much moisture 
prevents fermentation, which is essential to bring about 
tho necessary chemical changes in the nitrogenous consti- 
tuents of tiio manure ’’ (“ Treatise on Manures”). 

T/ic Maiififfc/miit of Fannyard Mrfntirc.— According 
to a certain writer, “ tlie methods in use for the saving 
and treatment of farmyard manure are characterized by 
great wastefulness, and a tljorough ignorance of, or at 
least indiUerence to, tho principles which regulate them.” 

One of tho oldest methods lor tho treatment of farm- 
yard manure is tho well-known “ heap ” method. Tho 
manure is piled in Leaps in the corners of fields. 

Sometimes these heaps are covered with soil, the object 
being to prevent volatilization of ammonia and to keej) out 
rain. This is tho worst of all methods of keeping manure. 

Tho method is largely practised in this country and 
in Prance, especially in Northern Normandy. Northern 
Normandy is more agricultural than the southern part of 
the province, whore the numerous hills and dales arc 
covered, more or less, with “green pastures.” 

If it is necessary to cart the manure direct to tho 
fields, “it is better to spread it upon tho soil at once.” 
By tills means active fennontation and tho temperature 
of the manure are reduced. Tho manure itself absorbs 
any ammonia already formed ; therefore, loss of this all- 
important fertilizer is reduced to a minimum. But 
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practice aud science “ go hand in hand together ” in 
pronouncing that ploughing in the manure at once is the 
best method to adopt, especially whore the soils are of a 
liglit sandy nature. 

It is important for the farmer to retain within the 
fermenting manure as much ammonia as possible. Al- 
though farmyard manure is stated to bo a “ general 
manure,” it is essentially a nitrogenous manure. 5IM. 
Boussiugault and Payen state that the value of farmyard 
manure depends upon the quantity of nitrogen it contains. 

When farmyard manure is made under cover (i.c., in 
covered pits made water-tight), the maximum amount of 
manurial value is obtained from it. “ Box-made manure ” 
is richer in nitrates and ammonia than farmyard manure 
made in the open, and is stated to bo worth half as much 
again as ordinary farmyard dung. 

Lord Kinnaird made the following field experiments 
witli “ box manure ” and ordinary farmyard dung. “ A 
field of potatoes was manured in one part with the 
manure taken from a ‘ covered,’ and in another part with 
manure taken from an ‘ open ’ or exposed dung-heap ; the 
])roduce of potatoes being determined, the whole of the 
laud was then sown do^vn with wheat, and top-dressed in 
the spring with 3 cwts. of Penivian guano per acre.” 

The results were as follows : — 


BOX MANUBE VERSUS ORDINABT FABMYAIU) MANURE. 


1 

1 

1 

Yield with Bos 
Manure* 

Yield with Ordinary 
Farmyard Manure* 

DiOhronce* 

Potatoes . . 

11 tons 15 cwts. 

7 tons 12 owts. 

4 tons 3 owts. 

Wheat, grain . 

v54 bushels 

42 bnshels 

12 bushels 

Wheat, straw . 

216 stones 

156 stones 

69 stones 
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These results speak tor themselves. 

It is a mistake for farmers to suppose there is no 
appreeiahle loss of fertilizing matter in farmyard clung 
when carted, or heaped, or spread upon the land. 

M. Payen recommended farmers to mix lime witli/roh 
dung. By this means, loss of ammonia during fermenta- 
tion is prevented, lime being a “ Hxer ” of ammonia. 
Three or four per cent, of lime is amply sufficient for this 
purpose. Lime must only be added to fvesh dung, tor 
in this state tlio dung contains but a small quantity ot 
ammonia. Its nitrogen is in the form of non-volatile 
organic comjjounds. 

On the other hand, if added to roiUn dung, lime 
liberates the ammonia, resulting in loss. 

Salt, iron sulphate, peat, charcoal, and gypsum, arc all 
useful agents for “fixing*’ ammonia in farmyard manure. 
Soil also forms a good “fixer” of ammonia in the manure 
heap. “Wo have been asked where a farmer is to get the 
earth to cover his heaps. It may be answered, keep your 
roads scraped when they get muddy on the surface during 
rainy weather— in itself good economy— and leave this in 
small heaps beyond the margin of your roads. This, in 
the course of the year, will bo found an ample |)rovision 
for the puiqmsc, for it is unnecessarj’ to lay on a coat 
more than one or two inches in thickness, which should 
be done when in a moist state. The soil left ou cleaning 
the roots for the stock at the stores (if this has not 
already been done in the fields] will contribute much 
tor this purpose. Farmers who have not been in the 
habit of bestow'ing care on the manufacture and sub- 
scc[ucnt preservation of their manure, and watching 
results, have no conception of the importance of this ” 
(Lawrence). 
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Pro 2 )crtic 8 of Farmyard Manure, 

Besides its manurial value, farmyard manure has the 
following properties : — 

(f<) Farm 3 'ard manure tvarms the land. 

{h) It retains ammonia and moisture in light soils. 

(c) B}' retaining moisture in soils, it indirectly retains 
soluble mineral plant^foods in soils, these substances form- 
ing the constituents of the water contained in soils. 

(d) It renders the soil more friable. 

(e) During its decomposition, the gases, etc., produced, 
convert the dormant (inactive or insoluble) plant-foods of 
the soil into active (soluble) ones. 

(/) Farmyard manure is a medium in which fungoid 
diseases (like the potato disease, wheat-mildew, etc.) are 
capable of hibernating for months without losing their 
vitality.’ 

Although farmyard manure possesses many " virtues,” 
wo again repeat it must not bo the only manure used on 
the farm. 


Application of Farmyard Manure. 

The time and mode of applying farmyard manure 
depend upon the crop and the nature of the soil. 

There is very little loss (through rains) when farmyard 
manure is applied in the autiunn, especially on clayey 
land. Autumn manuring brings the land into good con- 
dition. 

(fi) For Wheat crops, which follow clover (as in the 
Norfolk or four-course rotation), the quantity of farmyard 
manure applied should be about 12 tons per acre. In 


‘ Dr. Griffiths, in Chemical Ne\c$, vol. xlix. p. 370. 
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tho United States of America, 2tX) lbs. of Bujicrpliosplinto 
of lime are used as a dressing (in addition to the fann- 
yard manure) for winter wheat. The American system 
yields from 15 to 40 bushels of grain per acre. 

The rotation practised in “ tho States ” is the follow- 
ing: Indian corn, barley (or oats), wheat, and seeds 
(clover and timothy grass for hay, or for feeding). 

Wheat, as a rule, grows best on strong soils. 

(h) For Barley oops, tho quantity of manure applied 
should bo about the same as for wheat. 

Tho best soil for tho growth of this crop is a mellow 
loam. When grown on sandij or ralcairoua soils, tho fol- 
lowing top dressing— 

i l cwt. of nitrate of soda, 

1 „ common salt, 

per acre, has proved most beneficial for barley. 

(r) For Beans, after corn, between Id to 20 tons of 
farmyard manure i)er acre should bo ploughed into the 
land. Bean crops thrive best in strong calcareotis soils. 
Hence lime should form an essential ingredient of every 
soil in which beans are cultivated. Beaus are benefited 
by top-dressings of “ artificials.” 

(d) For TuRNirs, about 10 to 12 tons of farmyard dung 
per acre are required. Tttrnips are greatly benefited by 
using phosphatic manures. “Lawes’ Turnip Manure” 
contains from 22 to 24 per cent, of soluble phosj)hatcs, (> to 
8 per cent, of insoluble phosphates, and from 1 to 1| per 
cent, of ammonia. This manure is used at tho rate of 4 to 
0 cwts. per acre at tho time of drilling tho seed. 

“The important part w’hich manures exorcise in tho 
growth of tho turnip is now generally recognised ; but 
farmers do not always bestow enough attention to tho 
selection of manures, and to tho application of them in 
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proportionate mixtures to suit the requirements of the 
soils and of the varieties of tumips grown. In cultivat- 
ing swedes, a portion of nitrogen should be present in the 
manure, a less quantity in cultivating yellow tumips, and 
in cultivating white tumips nitrogen may bo wholly dis- 
pensed with, except on soils of a heavy argillaceous 
character, or on moorish soils in low manurial con- 
dition.” 

Fanners following the directions given for manuring 
these important root crops should varj' the proportion of 
manures to suit the composition and nature of the soil 
and the climatic conditions of the neighbourhood. 


MANURES FOR TURNIPS. 


Mftnnro 

ConsUtucnU. 

For Swctlo9 
(|)cr ficru). 

/or YcUow Turnip.H 
(per ftcrc). 

t 

For WhlUj Timiipa 
([>or aero). 

1 

Auiomn. 

Not 

npplicil 

in 

Autumn. 

' Applied 
in 

I^Aotutnn. 

1 

1 

Not 

ftpp1ic<l 

in 

Autumn. 

Applied 

m 

1 Autumn. 

1 

Not 

uppUod 

in 

lAntumn, 

1 

Cnko-dust ... 

( 2 cwta. ' 

3 cwts. 

1 

1 

1 cwt. 

2 CT7tS. 

1 cwt. 

a 

2 cwts. 

Poruvinn guano . 

1 or 
( 1} cwt. 



1 


— 

SupcqihoBphato 
of limo . . . 

2 cwtB. 

8 owts. 

. 2 cwts. 

2 cwtfl. 

(2 cwts. or 

2 owts. 

Bone-dust . . . 

2 bush. 

' 3 bush. 


' 4 bush. 

1 ^2 bush. 

— 

Kooria Mooria, or 
cheap guano . 


1 

1 

2 CWtB. 

i 

2 cwts. 

1 

[ f 1 cwt. 

— 


The above ingredients are made into mixtures form- 
ing what are known as “mixed” or “ special ” manures. 
The land should be previously manured with farmyard 
dung. 

Turnips suffer from several forms of parasitic diseases, 
some producing a number of nodular outgrowths upon 
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tho tubers, etc. The best known is the “ aulninj " (Fi". 3) 
or jUujcr-iind-tw:' (Fig. 4). This disease is i.roducod 
by a fungus belonging to the Mijr.ouuja tcs^ and was called 
by M. Woronin Pla»miHUophora pyassico’. 

There is little doubt that parasitic diseases “take hold’’ 
of turnip crops, in the first instance, through the crops 


being imperfectly nourished. 

If farm crops do not receive a proper supply of all tho 
requisite plant-foods, can wo wonder that they become 
diseased? Sickly plants are ju.st the media for the de- 


velopment and growth of parasitic fungi. 

Lot farmers look well to manuring their soils, and then 
the chances of farm crops becoming diseased would bo 


reduced to a minimum. 

The addition of lime, iron «uli)hate, etc., to soils, also 
the iveathci-ing of soils, are means of preventing disease. 

Tho wise fanner will never use farmyard manure ob- 
tained from iuniip-fed raffle for funiip crops. The ex- 
crements may contain the spores of fungal diseases, which 
might reproduce the diseases in the now turni]> crop. 
The excrements of twiiip-fed cattle might bo applied 
with advantage to cereal crops. Tnniip diseases do not 


attack cereals. 

(c) For MANfiEl.-wuitZEi^s fiom 14 to 10 tons of good 
farmyard manure per aero should bo ploughed in the soil 
iu tlie autumn. This to be followed by a top-dressing of 
3 cwts, of guano and U cwt. of common salt to the acre. 
The above artificial manure is best sown broadcast. 
“Lawes’ Mangel Manure” contains 20 to 23 per cent, 
of soluble and insolublo phosphates, and from 3 to 4 per 
cent, of ammonia. “ If Lawes’ Manure is used with the 
u aUr drills it should bo sown down the rows upon tlio 
top of the dung; but if with tho dnj drill, it can be 
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drilled with the seed. If dun" is used, 3 to 4 cwts. per 
acre will be sufficient ; but without, it should be applied 
at the rate of not loss than 5 to G cwts.” 



Fia. 3 — “Anucrt” affects tup. tcder :tsblp, covrrino it wmi 

A NCMRER OF "WART-MKK EXCBBSCENCSS." 

Tho following manurial mixtures are recommended for 
mangels growing in different kinds of soils:— 
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■il 


Jlangcls require a liberal sujiply of manures. 

(f) For PoTATOE-^, from H! to 20 tons of farmyai-a 
manure are the usual quantitic.s applied per acre. Some 
farmers have applied it at the rate of 20 to 30 tons per 



Fio. I.—'* FixoBB-iXD*ToE " rnoDOCEs .voDOL.^n ootohowtuh on the 

IM)OTS ANU UOOTI.KTB. 

acre. There is little doubt that the heavy manuring in- 
duces the development of the potato disease {Pevono- 
njtom mfestam).^ Potatoes aro greatly bonofitetl by 


* The Chemical Seic$, vob xlix. j>. 27!). 
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top-dressings of “artificials.” The author' obtained 
excellent results with potatoes, using the following 
mixture : — 


Per acre. - 


1 cwt. Kainit. 

% 

1 cwt. nitrate of soda. 

4 cwt. iron sulphate. 

2 cwts. superphosphate of lime. 


With this manure the yield was 8 ^ tons of tubore per 
acre, while another plot unmanured yielded only 3 tons. 

( 17 ) On Meadow land (for hay) from 10 to IG tons of 
farmyard manure per acre should be applied in the 
autumn. 

Meadow land is benefited by top-dressings of nitrate 
of soda, Peruvian guano, etc. The following mixtures 
form good manures for the production of hay : — 


MANURES FOR MEADOW LAND {for Ilaij). 



For 

CInyry 

For 

Sniiily 

soils. 

1 

For 

1 CoIcnrrOMt 
soils. 

For 

moulds. 

For 

Loorny 

soils. 

Qnnno 

For acre, 

2 cwts. 

Per acre. 

1 cwt. 

Per acre. 

Per acre, 1 

Per oere, 
1 cwt. 

Sodium nitrate . . . 


1 cwt. 

2 owts. 

2 cwts. 

1 cwt. 

Ammonium sulphate . 

1 cwt. 


1 cwt. 



Salt 



3 cwts. 

2 cwts. 

— 

Superphosphate of lime 




1 cwt. 

1 2 cwts. 

'Iron sulphate . . . 

^ cwt. 

i cwt. 

^ cwt. 

^ owt. 

! 4 cwt. 

1 ' 


Bone manures, ns a rule, are not so valuable for 
meadows as for exhausted pastures. 


' The Journal Chemical Society, 1886, pp. 114-120. 

3 To bo applied as a top-dressing at the end of April, if the grass is 
out towards the end of June. 
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(/f) For SUGAK-CANE growing in tlio soils of the West 
In<lics 20 tons of farmyard mannre shonld be applied per 
acre. Sugar-canes are greatly benetited by <lressings of 
“ Ohlendorff’s Special Cane Manure.” This manure con- 
tains : — 

/ Nitrogen = 0 ' ammonia. 

I Sulphate of potash = 7 . 

1 Phosphate of lime (soluble)= 18 . 

\ „ „ (assimilable) = 4/. 

A certain writer says: “ I have used the above ‘ Special 
Manure,’ and have just finished reaping (from a fii'st crop) 
2fj0 tons of sngar (net), and over 21,UX) gallons of molasses 
from 82^ acres of canes.” 

It is important for cane-growers to remember that 
a good soil for their purpose should contain at least O UT 
per cent, of lime and 0*3 per cent, of magnesia. There is 
little doubt that the “cane soils” of the West Indies 
would bo greatly improved by the addition of lime and 
magnesium sulphate. 

(f) For Carrots and Parsxii*s the land shonhl be 
dressed with 12 to 15 tons (per acre) of rotten farmyard 
dung in the autumn. 

ij) For Kohl Rahi from 10 to 12 tons of good farm- 
yard manure per acre. The manure to bo followed by 3 
or 4 cwts. of blood manure or high quality snpeij)hos- 
phate of lirno. 

(A-) For Prickly Comkrey {Symphytum anperrimum) 
(Fig. 5) a heavy dressing of 3<J tons of rotten farmyard 
manuro per acre is required for this excellent forage crop. 
All kinds of soil suit comfrey, but it appears to thrive 
best in rich loam. 

The plant is, in this country, propagated by dividing 
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its tnbcrons roots, sxnd the portions are then planted in 
the same way as the potato. 

The “sets” should bo from 16 to 18 inches apart each 
way about 19,300 per acre). The plants, in time, 



Fio. 5. — PaiCKLY CoiirREY {Symphytum atperrimum). 


completely cover the ground, when the crop may be cut 
with a scythe in the same manner as clover or sainfoin. 
Four or five heavy cuttings may bo obtained in one 
season. According to a writer in the NoHh British 




OliGANlC 2!AXnih\<!. 


lo 


(May 7tL, 1870): “ Comfrey produces more 
weij^ht per acre tlian any other j'rccn crop, luivinp; yielded 
from 8<J to 12U tons per acre, accordinj; to tlie soil. . . . 
The roots may be divided and jdanted at all seasons of 
the year, rxcry/f in frot^ty neat her." In the winter tho 
roots ought to bo well dressed with dung or liquid 
manure. 

Comfrey is a perennial plant, so tho chief part of tho 
cost of cultivating it is at tho time of first “laying a field 
down ’’ with it. 

According to an analy.sis by the lato Dr. Voelckcr, 
comfrey has tho Ibllowing compositions : — 



LLiVLd. 

bTiy. 


Ill S’tilurHl 
Stale. 

ColciilnlcU 

Dry. 

In Nnttiml 
Suite. 

CnlcntMtccl 

hty. 

Wntcr 

SS'IOO 


y4-74 


Albuminoids (Flesh. 1 

forming Bobstanccs) ^ 

2712 

2.3-37 

o-co 

1301) 

Carbohydrates (Heat 

and Fat producing 
substances) .... 

C-H9S 

ijU-IO 

3-81 

72- 19 

Ash 

1-y‘io 

1711 

1 0-7G 

11-4S 


100000 

100 00 

' 103-00 

100 00 


Tho farmer must bear in mind that Prickly Comfrey 
is a difforent plant from tho common comfroy {Sym~ 
phytuvi ojjlcinalc) which is a native of Great Britain. 

To conclude the chapter. Wo have given all tho 
))rincipal details on tho iiso of farmyard manure for 
different crops and soils. But “general rules for practice 
can only bo given, and tho fanner will have to discover 
what modifications, if any, aro required to suit the 
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specialities of lus own case. Circumstances of soil, 
locality, and climate bring into operation different 
causes, and produce different effects ; and the student of 
agriculture [and the fanner ought to be a student] should 
ever remember that successful practice in one does not 
ensure like success in another locality. Farming requires 
the exorcise of perpetual observation, and a constant 
registration of facts and the results of experience.” 



ClIAPTEU IV. 


ORr.AXiC MANURES {conthuttfi). 

In this chapter we continue the description of the organic 
manure.^ which priucij)ally supply the soil witli nilro* 
genous substances. 


(1) Human Exche.ments. 

According to the late Professor Way, human oxcrc- 
luents contain : — 


1 

1 

Or^iiuic Nilro^foii 
c«|UAlto Ammoniti. 

1 

1 

1 

I’bo^phonc Acid. 


Solid 

l-8'i per cent. 

1-07 per cent. 

0-30 per cent. 

Dried ftcccfl . . . 

7-28 „ 

1-27 „ 

MO .. 

Liquid excrements 

071 „ 

0 00 .. 

O'O') «. 


It is therefore evident that the fertilizing properties ot 
“ night-soil ” are very low'. The mli<i excrements contain 
about the same j)ercentago of water as ordinary farmyard 
manure (t.c,, nearly three-quarters of its w’eight consists 
of water). 

Several systems have been invented for the utilization 
of human excrements. One of these is know’n as the 
“ carth-closet system.” It consists in covering the 
excreta (solid and liquid) with earth and ashes. By this 
means the liquid portion of the excrements is absorbed, 
and tho excrements are thoroughly deodorized. There is 

47 
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only one (.Utliculty in the way of tlio general i>tilization 
of this system, and that is, “it entails the bringing in 
dry earth to tlio amount of from 5 to 10 lbs. for each 
individual daily.” 

The cultivators of tho soil in China and Japan utilize 
tlic excrements of man as manure for various crops. 

Many of the Chinese tea plantations aro treated with 
this manure. 

In Belgium and Prance the “night-soil” is gonertilly 
dried with gypsum (sulphate of lime) and other calcareous 
substances. G 3 ’psum is also useful in promoting tho 
nitrification of tho faecal organic matter. Tho manure, 
(after drying) is sold under tho name of “ Poudretto.” It 
contains about 2‘U por cont. of nitrogen, 1’5 per cent, of 
]) 0 tash, and per cent, of phosphate of lime. 

yicwAGE Manuhe.—Iu lai'go towns (Manchester, Liver- 
pool, Birmingham, etc.) various methods aro used for tho 
precipitation of sowago. But, whatever method is used, 
tlio precipitation is incovijylvtc, for tho urea and uric acid 
of tho liquid oxcremouts aro not precipitated, and are 
consequently lost. 

The “ABC” process (which is ono of the best known 
methods for treating towm sewage) consists in precipitating 
tho manurial constituents by tho addition of clay, alum, 
charcoal, etc., to the sewage. Tho dried precipitate con- 
stitutes a manure known in tho market as “Native Guano.” 

According to recent analyses of Professor Dewar, 
F.R.S., and Dr. C. Meymott Tidy, F.C.S., " Native 
Guano ” (obtained by the ABC process) contains on an 
average 8*8 per cent, of nitrogen, reckoned aa ammonia, 
and 5 por cont. of phosphoric acid, reckoned as tricalcium 
phosphate (bono phosphate). As there is a sufficiency of 
organic matter (t.c., carbonaceous), no ammonia is lost by 
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volatilization if “Native Guano-* is kejit for several 
luouths. 

Tlie author is infornie<l that this manure is never sohl 
with a guaranteed analysis, as it is not a manufactured 
manure, but simply the product obtaine<l from sewage by 
llio company’s process. 

The composition of the mamire varies from time to 
time, owing to the varying character of the sewage. 

The table below gives the results of two old analyses of 
this manure. 


‘•NATIVR (iLWNO." AliC TIIOCESS. 


Water 

7-91 

' 0-12 

Orj?anic nutter 

1 10-40 

22 4.5 

Tncalciuui phosphate 

2-4U 

1 2*H1 

Liniu carbonate 

2003 

1 r.*37 

Clay fiutl sand 

37-tiii 

5210 

Iron oxide and Alumina 

y-7H 


Magnctiia and alkalies 

2-02 

3*50 

1 


101*00 

100 00 


“ Native Guano ’’ is recommended for a largo variety of 
croj)S. Amongst these are the following : — 

For Whkat, apply from 4 to 8 cwts. per acre in the 
autumn, and well harrow or drill in with the seed. It 
is also useful as a top-dressing in the spring. 

For Root Ckoi».s, apply from 8 to 12 cwts. per acre. 

For Oats and Baklkv, from 0 to 10 cwts. per acre 
are the usual quantities recommended, at the time of 
sowing. 

For Ghass lands, an application of 10 to 15 cwts. la 
said to bo the most beneficial, if applied in the early 
spring. 


£ 
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For Clover, from 8 to 10 cwts. of the manure, applied 
in tlie autumn or early spring. 

For Potatoes, the quantity of this manure ordinarily 
used is from G to 10 cwts. per acre, applied in the 
rows, covering with a little soil, or sown broadcast when 
hood. 


(2) The Manchester Corporation’s Manure. 

This “manure” is composed of the excrements from pail 
closets ; blood, bones, and offal from the city slaughter- 
houses ; hsli from the fish markets and fishmongers, etc. 

Therefore, this manure is rather a mixture of human 
excrements and various animal substances than a true 
sewage manure. 

The following analyses represent the composition of 
this manure : — 


Organic matter 

Containing nitrogen . . . 
Eqnal to ammonia . . . 

Phosphoric acid 

Eqnal to tribasia phosphate 

Alkaliuo salts 

Containing potash . . . 

Limo 

Equal to snlphate of Ume . 
Iron oxide and alumina . . . 

Moiatore . 

Silioious matter 




Dr. A. P. 
AHkcn. 

1 

'A.Smothanii 

F.C.8. 

The Oor. 
porfttion'a 
CUomitite 

Por cent, , 

Por oont. 

Percent. 

35*60 ' 

85'25 

88*66 

S'43 

3*41 


41G 

4*14 

8-GO 

_ 

875 


7-82 

8-20 

8-67 

6*99 

6-55 



0-84 



6-43 


2C9 

13-19 


8-70 

» 

— 


1 


22'07 


— 


The “ Manchester Manure ” has the appearance of fine 
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mould, nnd is sold with a f^iarantce to contain at least 3 
to 4 per cent, of ammonia, and 8^ per cent, of ])hosphate.s. 

The following directions are given as a general guide 
for farmers using this manure: — 



Quantity per 
acre. 

1 CerieiQ) remarks. 

1 

Tor wlieot 

C to 7 ewts. 


grass 

G to 8 „ 

ApplicJ in early epriiig 

,, clover 

fi to 8 

•» If 

oats aud barley . . 

G to 7 „ 

At tiiiio of son-ing 

„ roots 

10 to 15 „ 

Sown broodcast or drilled 

„ Ic'guints .... 

,, potatoes .... 

10 .. 

10 to 12 „ ! 

i 

At time of sowing 


Perhaps the best method for the utilization of sewage 
is by the irrigation of the land. 

Irrigation should only bo practised upon porous and 
well-drained soils. It is far more economical, and pays 
better, for sewage farms to bo solely utilized for the ])ro- 
duction of grass and vegetables. 

M. Nantier, in the Aniiales Agronomiqiivs (vol. xiv. 
p. 255), gives the following results obtained from irri- 
gated and non-irrigated pastures : — 


1 

IrriKUted pasture*. 

Non-irrijrtiUxl pasture*. 


l*er hectare- ’ 

Tor hectare. 

Hay (first cot) . . j 

5,000 and 6,000 
kilograms > 

2,700 and 3,500 

1,500 kilograms 

Nil. 

„ (second cat) . 

1 

1 

kilograms 


Nantier’s experiments were made at the well-known 


* 1 hectare »2'-17 acres. 
1 kilogram ■>2-205 Iba. 
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rtgriciiUxiral station of La Somme in the north of 
France. 

In the suburbs ot the French capital, tlior© are several 
good sewage farms, all of which send their produce 
(chiefly vegetables) to the Halles Centrales, ^ the largest 
market in Paris. 

(3) Liquid MANunE. 

“ The principal liquid manures produced on a farm are 
those that run from the manure heaps and the urine of 
the farmhouse. These should bo collected, and used for 
watering the manure heap ; or, if not required for this 
purpose, might bo applied to the land by means of water 
carts. . . . Liquid manure is rapid in its action, and 

is largely used on the Continent for light soils. 

“ It does very well on light sandy soils with a porous 
subsoil; but its application is a failure on heavy clay 
soils, making them too cold, etc. On farms composed of 
lioavy clayey soils, the liquid manure should be absorbed 
by either charcoal or sawdust. It then forms a good 
manure, lightening the texture of heavy soils, as well as 
increasing their fertility. 

“ Liquid manures have proved beneficial in the case of 
root crops, and for grass, but not for cereals. 

“ In collecting liquid manures, it is better to preserve 
thorn in water-tight tanks— the addition of rain-water 
lessons their value ” (" Treatise on Manures ”). 

(4) Sheeu-fold Manure. 

•This manure is richer in fertilizing constituents than 


’ Tina market covers an area of 22 ocrcs, and has 1,200 cellars for 

l\1 a V I k #S A ^ • • • 



OnOANTC MAXriiES. 



ordinary farmyard dung. The drojipings are increased 
in inanurial value if tlie sheep are fed upon oil-cakes in 
addition to the crop that is eaten olf tlio land. 

According to Cameron, the dung of sheep contains Sd 
per cent, of solid matter containing U'G per cent, of nitrogen 
an<l over 0*5 per cent, of phosphoric acid. The liquid 
excrements of sheep contain <>8 to TO per cent, of potash. 
Tliese valuable constituents vary according to the food 
consumed. 

Sheep-folding is a very useful means of preparing a 
light sandy soil for wheat crops. 

(5) Blood M.vntkes. 

Dried blood forms a valuable fertilizer, supplying nitro- 
gen, potash, and phosphoric acid to the soil. 

In its natural state, blood contains from 2'5 to 5 per 
cent, of nitrogen, and wlicn dried from (> to 14 per ccjit. 
Blood decomposes more iai)idly than lannyard manure. 
The organic nitrogen which it contains is soon converted 
into ammonia and soluble compounds. 

The ashes of blood contain the following porcoutages 
of |)hos])horic acid and alkalies (potash and soda): — 



sjicep. 1 

! CaU. 

o 1 

M 

• 

1 

I’iB. ! 

1 

D<««- 

riio:<|)iioric acid 

Alkalies 

14S0 

55-79 , 

1 

20-H 

GG-57 

: li-Ot ' 
69-97 ! 

3(i-5 ' 
49-8 

:{G-K2 

55-2t 


Blood is sent into tho market in various forms. 


Amongst these are t)io following : — 

(rt) In the form of a red powder. 

(6) Raw “ clotted ” blood (in a liver-like state), 
(c) “Acided” clotted blood. 

{( 1 ) Flesh and blood manure. 
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In the ^>o<ff/(’/yconditioD, according to certain analyses, 
blood manure contains nitrogen equal to 14 or 15 per 
cent, of ammonia. In this condition (i.e., as a powder) it 
makes a good manure for root crops. Blood in the form 
of a compost makes an excellent toj>-dressing for grass- 
land, especially when applied in the middle of March. 

The raw dotted blood contains nitrogen equal to 0 or 7 
pel cent, of ammonia. It is in a livor-Hke state, but is 
cut into pieces about an inch square before it is sent into 
the market. 

This form of blood is useful for mixing with poor 
superphosidiates, and is often ground up with mineral 
superphosphates (by the manure manufacturer), to give to 
the manure a certain percentage of nitrogen. 

Tlie added dotted blood ” is blood treated with oil 
of vitriol, which prevents its decomposition. It is in the 
form of small semi-dry lumps, and contains about 7 per 
cent, of nitrogen reckoned as ammonia. 

The farmer can easily coagulate blood by adding a 
certain quantity of gypsum (sulphate of lime). The 
addition of gypsum to blood causes a more rapid decom- 
position in the soil ; i.e., gj-psum promotes nitrification, or 
the conversion of insoluble nitrogenous plant-foods into 
soluble ones (nitrates). Blood manures containing gypsum 

arc quicker in their action than when this mineral sub- 
stance is not present. 

The question may be asked, — What crops are most 

benefited by blood manures ? In the words of the late 
Professor Way : — 

The crops which dried blood will benefit are wheat, 
hops, grass, turnips ; indeed, it will not fail to do good to 
any kind of vegetation.” 

According to M. Samek (Bicdermanii’s Ceniralblatt filr 
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AgvicuUiir-rhemic, 1888, p. 527), tijc best nitrogenous 
manure for clover growing on snndy loams is blood-ineaP 
mixed with superphosphate of lime. 

For tuiTiips 48 bushels per acre (or IG bushels with 
good farmyard manure), and 20 to 30 bushels liave been 
used as a top-dressing for wlieat, with good results. 

As shown by a large number of experimental trials 
made in different parts of the world, blood manures form 
e.xcellont dressings for sandy and loamy soils. 

(G) Shoddy Manures. 

Woollen refuse and shoddy are essentially nitrogenous 
manures. They contain from 5 to 10 per cent, of organic 
nitrogen, ami have proved useful for hops. 

(7) Sawdust. 

The chief objection to the use of sawdust as a manure 
is its slow decomposition. A manure to bo of value 
should act quickly. Nevertlieless, sawdust is useful ns an 
absorbent; and if laid about the lower parts of a yard, or 
even round the entrances of cowsheds, it will retain much 
fertilizing matter, which would otherwise bo lost. The 
sawdust now Ijeing impregnated with the excrements of 
the fannyard decomposes far more rapidly than whou in 
the i*aw state. 

In this state it forms a tolerably good manure for 
tuimips. 

(8) Tak.veus’ Bark. 

Spent bark is a diflicult substance to work into 


‘ Uluod dried and then ground to powder. 
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manure. It however decomposes with lime, and a com- 
post is made of tlie following materials : — 

Spent bark 30 bushels. 

Lime 15 

Bones (ground) .... 8 „ 

Ammoniacal or gas liquor . 15 gallons. 

This mixture must be allowed to ferment for about a 
month, when it will bo ready for use. 

(9) Oil-cake Maxukes. 

The various oil-cakes contain from 4 to 7 per cent, of 
nitrogen reckoned as ammonia, and from 3 to 5 per cent, 
of phosphates. 

Oil-cake dust forms an excellent constituent of manures 
for spring wheat, potatoes, turnips, and mangel-wurzols. 
Tho quantity of rape-cake for cereals growing on strong 
clayey soils is from 6 to G cwts. per acre. 

It can also be drilled in with winter or spring wheat 
with advantage. 

The best drills, in our opinion, for this and similar 
purposes, are those made by Mr. James Coultas, of 
Grantham, Lincolnshire (Fig. 6). 

As a general rule, oil-cakes are far too valuable /oods 
(for fattening cattle, etc.) to allow them to bo used, to 
any great extent, as manures. 

(10) Green Manures. 

These manures supply the land with carbonaceous 
matter and nitrogen. 

“Green manuring consists in allowing a green crop 
(like turnips, mustard, rape, etc.) to grow until almost 
mature, and then ploughing it into the land.” 
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Green inaimriiif» enriches the surface soil in two 
ways : — 

(a) By the organic constituents uhich the crop derived 
from tlic atmosphere. 

{h) The roots of the crop have brougiit nj) mineral and 
nitrogenous substances Irom the subsoil, which arc thus 



(j, — XuK “Gcnkiial rci;i-<'»K ’■ Diuli.. 

This drill is capable of drilling every description of buciI. with or 
without mauure. 

returned to the land. By tliis means the fertility of the 
surface soil is greatly increased. 

“ It is stated that green manures produce ‘ the greatest 
ctfect on liglit and sandy soils in dry climates,’ hut they 
arc also of great service on heavy clays.” 

Green manuring cllects various chemical reactions in 
tlie soil. Tlie carbonic acid gas produced during the 
decomposition of green manures disintegrates the soil, 
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convorting some of the insoluble compounds into soluble 
plant-foods. 

Green manures, like fann^’ard manure, warm tlie land 
and add to its power of retaining ammonia and moisture ; 
hence the reason that this method of manuring is so 
valuable for light porous soils. 

Seaweeds must also come under the head of “ gi-een 
manures.” They supply chiefly nitrogen and potaslx to a 
soil. The potash (in the ashes) varies from 4 to 20 per 
cent., according to the species. Fucus digitfitus contains 
20'fi6 per cent, of potash, while Fucxis terrains contains 
only 3’98 jjer cent. 

Seaweeds decompose very rapidly in tlio land, forming 
o.\conent manures for potatoes, turnips, and mangol- 
wurzels, 

For those farms near the sen-coasts, the common 
I" uena .should bo used as a potasso-nitrogenous manure, 
at the rate of 20 to 30 tons per acre. 



CHAPTER V. 


yVRTIFICIAL MAXL'KES. 

“Artificial manwres are now in great request amongst 
practical farinei-s; they are valuable as applying in a con- 
centrated and available form the mineral constituents to 
land which has become uni)roductive tlirough long culti- 
vation. . . . Artificial manures owe much ot their value 

to tlie peculiarities of the soil to which they are aj)plied, 
‘each soil being endowed with its own peculiar caj)acity 
for receiving and retaining the fertilizing matter supi)lied 
to it.’ Hence the necessity for becoming acquainted with 
the 7 iatHre of a mil before deciding on the kind of arti- 
ficial manure to be applied to it.” 

Artificial manures act in various ways. 

(rt) As direct plant-foods, supplj'ing the crops with 
phosphoric acid, lime, potash, nitrogen, etc.; thereby 
making good the deficiencies of the soil. 

(6) Most artificial manures act as indirect plant-foods, 
by causing various chemical changes in the inert con- 
stituents of the soil, by this means converting the inert 
substances into soluble or available plant-foods. 

(c) Artificial manures improve tlie texture of the soil. 
Before artificial manures are applied, it is essential that 
the farmer should have a good knowledge oi the physical 
and chemical condition of the soil, and the requirements 
of the crop to bo grown on such soil. Artificial manures 
are not equally efficient on all classes of soils; usually 
they arc more so on clayey than on sandy soils. 
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Most artificial manures aro wholly or partially soluble 

in rain-water, and therefore can be iimuediately absorbed 

by the roots of plants. As a rule, they aro quick-acting 

manures, not necessarily stimulants, but readily available 
plant-foods. 

Artificial manures like nitrate of soda, ammonium 

•sulphate, iron sulphate, etc. (i.e., very soluble manures), 

should be applied only as top-dressings when the crops 
aro above ground. 

It IS better for the farmer to a])ply the usual quanti- 
ties of these very soluble manures in two or three dress- 
ings, rather than in one. The extra labour necessary for 
fractionni top-dresshujs is paid for by the increased yield. 
By using fractional top-dressings, the farmer feeds his 
crops, step by step, and produces perfectly healthy crops, 
loss prone to disease than when the dressing of artificials 
is given in one application. 

^ Artificial manures aro greatly affected by the weather. 
Very wet and veiy dry seasons are alike unfavourable 
for the proper action of artificial manures. “ In the one 
case, portions of their most valuable constituents arc 
washed into tlio subsoils and drains, and in the other 
they remain in an inactive condition.” 

It IS not economical to apply soluble manures in very 
icct weather, for there is a great loss, although the most 
suitable time for top-dressing is in damp weather. Most 
artificial manures ought to be in a finely divided condi- 
tion, so that the rains may distribute tliom equally and 
in all directions in the soil. 

Manures (like bones, bone-dust, shoddy, etc.) whose 
constituents aro in an insoluble form, should be applied 
m the autumn. When applied in the autumn, they have 
time to become » weathered ” or rendered partially or 
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wlioll}' soluble before they are required for the active 
"rowth of the crop in the following spring. 

As a general rule, manures which arc ou\y jmiiiolh/ 
soluble (like guano, superphosphates, etc.) should bo 
ap])lieJ early in the spring. 

“ When drill husbandry is oinploye<l in the sowing ol 
grain crops, the manure will bo most eft’ectually applied 
immediately previous to horsc-hoeitig, which will have 
the combined olfect of destroying the weod.s and 
thoroughly mixing the manure with the soil ; ot course 
when applied at seed-time, it ought to be harrowed in at 
once with the crop, for there is practically a considerably 
greater increase 1‘rom guano thus applied, than when toj)- 
dressed at a more advanced stage.” 

“For root crops artificial manures are best applied at 
seed-time. Should the land have received a winter 
manuring of dung, the artificial manure may bo sown 
broadca.st, liarrowod in, and drilled uj) ready tor sowing ; 
if not, and the dung ho applied also at the seed-time, it 
may then bo sown broadcast over the top of the drills on 
the top of the dung, and thus bo split in along with it. 
Bone-dust or superphosphate may bo drilled in along 
with the seed, by a combined manure and seed drill 
[Fig. 7] ; but guano, rapo-cako, and all nitrogenous and 
alkaline manures are recommended to bo distributed 
broadca.st, and well mixed with the soil, inasmuch as 
nitrogenous manures are found to exorcise a prejudicial 
influence on the delicate seed ami young plant, and tlioro- 
foro ought never to bo applied near to it, especially in a 
dry season " (Wilson). 

Wo will now describe the various “ artificials” used in 
practical fanning, beginning with bones. 
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(1) Raw Boxes. 

The author has stated elsewhere that “although bones 
come from the auimal kingdom, it is better for many 
reasons to include them under the head of artificial 
manures. One of these reasons is that they are allied to 
the phosphatic guano, and receive similar treatment in 



Fio. 7.— MANuae and Seed Drill. 

« constructed for drilling turnip, mangel-wurzel 
and other roots (t.f., their seeds) with manure. “ 


rendering their phosphates sohible, as in the preparation 
of superphosphates.” 

Bones are principally phoephatic manures, although 

they contain small percentages of organic nitrogen. 

Raw bones contain about 4*2 per cent, of nitrogen, while 

boiled and steamed bones contain from 1-2 to a little 
over 3 per cent. 
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Bonos constitute a permanent a^icnltural iinj)rovement. 
Many worn-out farms, requirin'; phospliatos, have been 
completely renovated by the application of bone manures. 

According to the author’s observations, on highly culti- 
vated lands, bones (i-inch) take on an average seven ycar.s 
for their comjilete disintegration in tiie soil. Therefore 
they form, to a certain extent, a permanent supply of 
phosphoric acid. Although the phosphoric acid present 
in bones is in an insoluhle comlition, a jjortion of the 
lime with which it is combined is continually uniting 
with various acids which are constantly being formed in 
soils ; and by this means the phosphoric acid becomes 
soluble. For instance, nitric acid (a product of nitrifica- 
tion) and carbonic acid (formed by the decomposition 
{oxidation] of organic carbon) extract one or maybe two 
equivalents of lime from the insoluble tri-lime phosphate 
or bone phosphate; and thereby are converted into bi- or 
mono-lime phosphates, both of which are easily taken up 
by the rootlets of plants. 

The reader who is acquainted with chemistry will readily 
understand the so-called “weathering” of bones by refer- 
ring to the following equations : — 

(a) Ca^PA + 2 HNO 3 = Ca,H.PA + Ca{NO.0>. 

Clnwlublo] [Soluble in 

weak acidsj 

(ft Ca,P.Og + 4HNO,, = CaH,PA + 2Cti(NO,),. 

[Insoluble] [Very soluble) 

(yjCagPgO, +C 03 + ir,0= CajHjPjOg + CaCOg. 

[Insoluble} (Soluble in 

weak acids] 

(S) Ca,PA + 2C03 + 2H,0 = CaH.PA + ^CaCO^. 

Clns^IubtoJ [Very soluble] 

Bones, in the crushed condition, have proved (in various 
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parts nl' tho country) valuable manures for turnip crops. 
Also *• the worn-out j»astures of Cheshire have had a 
new lease nt’ t'crtility *'iveu to thetn by the use of this 
manure.’' 

(tooJ quality bono.s should contain -15 jjer cent, of 
phosphate of lime and 4 per cent, of nitrogen. 

The followiu" analyses "ivc the composition of bones: — 


AH*r.\8Ts. 



1 

Mr. Knirlcy. 

^ Or. ViK'Ickcr. 

1 

1 

Dr. A. H.OrirtUbs, ' 

Hr. Voclckcr. 


(•(toil 

AiliillcmU'il 

1 

1 

(!i>rkl (iimlity. 

AihilU‘rf\to(l 

lioDo-mcal. 

M<»iHture .... 

1 1 

1 

701 

2.1-41 

Or^^rtiiiciimttor . . | 


•iC.HO 

:uco 

2;5-«'J 

(Contninin^' ' 



{1 12) 

(1-22) 

itimv |ihos|iliuto . i 



•IH'.U 

1 ICC 

Carhoimle of limo . 

y-oi; 


C 11 

IMA 

Kulphato of liuio 

Trace 



3.rl.’> 

Alkuliuu salts . . 


) 

402 


Sand 

1-51 

1 ICO 

1 12 

11-1.'> 

Iron oxido nrKl 
ahnuiua . . . 

1 

— 

j — 

1 

•1 (H 


idOim 

11)000 

lOOOO 1 

100 00 


Concorninf; tho last of tho above analyses, tho late Dr. 
Voelckor, F.R.S., reported on tlio inanuro as follows : — 
“ The manuro sent by you is not bone-dust at all, but a 
refuse manure of but little value. You say you pur- 
chased it at £() 15,s. per ton delivered. I would not give 
more than 25». per ton for such a manuro ” {Jonni. Royal 
Agric. Soc., April, 1885). 

Bonos are reduced, in bone-grinding works, to “ half- 
incli,” “quarter-inch,” and bone-meal. 
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ilalf-iiicli bojies aud ijuarter-iiich bones are used for 
pastures, turnips, etc. They are slow in action. 

Bone-meal or bone-dust has a fjuicker action in the soil 
than either half or quarter-inch bones. Bones reduced 
to a finely divided state by griiuling are often adulterated 
with sulphate of lime. Dr. Voelcker’s analysis (in the 
l)rcvious table) shows that a sample of bone-meal was 
adulterated with this sub.stanco (gj'psum) to the extent 
of 35 per cent., /.c., more than one-third of its weight 
was composed of this cheap substance. Bone-raoal is a 
valuable manure for turnips, and is best applied with the 
seed, using the water-drill.* 

Bone mainires, ns a ndo, are bettor adapted for light 
.soils than heavy clay land. 

“ Bone-meal is used as a toi>-dressing for pasture lau<l 
at the rate of ii to 14 cwts. jier aero.” 

Bones were the earliest phosphatic manures used in 
tliis country; and “our first source of pho.sphoric acid 
for tho manufacture ” of superphosphates. In the early 
days of tho suporphospliate industry, even earlier, Eng- 
land importe<l large quantities of bones for agricultural 
j)urposes. It is stated that in 1822 Germany ox))ortc<l to 
England no less than 33,CXXJ tons of bones. 

After Liebig had made his famous discovery of pro- 
jjaring aoluhlc phosj)hatcs by vitrioliziug bones, ho saw a 
source of wealth to his own countrj' gradually passing 
into tho hands of English agriculturists. On this ho 
wrote as follows : — 

“England is robbing all other oountnes of the con* 


* The water-drill enables the agriculturist to sow turnips, etc., 
with manure suspended iu water. The water can bo applied at the 
rate of from 200 to 000 gallons per ocrc. 


F 
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ditions of thoir fertility. Already, in her eagerness for 
houcs, she has turned up the battlefields of Leipzig, of 
Waterloo, and of the Crimea ; already from the catacombs 
of Sicily she has carried away the skeletons of many 
successive generations. Annually she removes from the 
shores of other countries to her own, the manurial 
equivalent of three millions and a half of men, whom she 
takes from us the means of supporting, and squanders 
down Iier sewers to the sea. Like a vampire she hangs 
upon the neck of Europe, nay, of the entire world, and 
sucks the heart-blood from nations, without a thought of 
justice towards them, without a shadow of lasting ad- 
vantage for herself.” 

England imports annually nearly 100,000 tons of bones 
from foreign countries. This represents a money value 
of over half a million ])0und3 sterling. 

“Our supply of bones from home collections is no 
doubt increasing, and may now bo estimated at about 
(»0,tX)0 tons per annum, of which 22,tX)0 tons are collected 
in and round London.” 

(2) Fermented Bones. 

Fermented bones arc more valuable as manure than rate 
bones. ^By fermentation many of their insoluble con- 
stituents are rendered soluble, and thereby become avail- 
able plant-foods. Fonnented bones do not effect a 
permanent agricultural improvement, for their action in 
the soil is much quicker than that of raw bones ; hence 
they are invaluable for quick returns in the form of crops. 

Fermented bones are easily prepared by mixing raw 
bones with clay and watering the mixture W’ith urine or 
stable runnings. The mixture should be protected from 
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rain by a coverin" of Jamj) clay, but otherwise exposed 
to tlie atmosphere. 

Fermented bones contain about 4U j)or cent, of phos- 
phates (partly soluble), and about 20 j>er cent, of orjjanic 
matter containiuj; 4'2 per cent, of ammonia. When 
ap))lied at the rate of 3U to 4t) bushels per acre on pasture 
laiifls, fermented bones have often proved excellent top- 
dre.ssings. 

For turnip crojis the land should receive about 25 
bushels per acre. 

(3) Steamed an*d Boiled Boxes. 

By boiling or steaming bones (operations which are 
carried otit in most bone works) the gelatine is extracted 
and used for the manufacture of glue. 

The residue, after extracting the gelatine, is known as 
“ boiled ” or “ steamed ” bones. 

Bones, after the extraction of the gelatine, contain less 
organic matter, and therefore contain less nitrogen, than 
before boiling. By extraction of organic matter the per- 
centage of phosphate of lime is increased. The following 
table shows the percentages of nitrogen and phosphate of 
lime contained in both boiled and raw bones : — 


Bohc». 

1 

IKiilcO B<»nc8. 

Nitrogen 

1 

4-12 

1-76 

I'hosphaU of lime .... 

48-91 

CO-ID 

The ]>hospliato of lime 

in “boiled” 

or “ steamed ” 


bones is more soluble than in raw bones. Genuine 
“boiled” or “steamed” bones should contain fully 60 
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per cent, of i)hosphatc of lime, ami nitrogen equal to 
about 2 per cent, of ammonia. 

Steamed bone-iueal takes from ton to twelve months 
to decompose in the soil. Hence “steamed” bones do 
not Ibrin a i)enuanent agricultural improvement. 

(4) Boxk-asii. 

This mannro is chiefly Imported from South America. 
In 1887, South America exported 17,381} tons of bone-ash 
and bones to (treat Britain. Bone-ash, or the residue from 
burnt bones, is largely used by manure matiufacturcrs, 

Bone-ash contains from (10 to 85 per cent, of phosphate 
of lime, and about 1 per cent, of alkaline salts. 

Bone-ash is essentially a phosidiatic manure. It sup- 
plies tlie soil with phosphates only, for it contains no 
nitrogen, tins ingredient having been lost in the burning. 

Bone-ash is chiefly used in the manufacture of “ bone- 
ash suporphosplmtc,” a manuro which is difierent from 
“ dissolved bones,” or “ bone superphosphate,” inasmuch 
as “ dissolved bones ” contain tutrogvu^ while “ bone- 
ash superphosphate ” does not contain this valuable plant- 
food. 

(5) Bone SupEKriiospnATK. 

Bono supcrpliosphato (dissolved bones) is j)reparcd by 
treating bones witl» sulphnric acid (oil of vitriol). 

The chemical reaction of oil of vitriol upon bones is, in 
its simplest form, expressed by the following equation : — 

Ca^PoOfi + 2H.S0^ = 2CaS0^ + CaH^PjOfi. 

•£onc phosphate. Oil of vitriol. Gypsum. Bono or lime 

superphosphate. 

By this reaction the insoluhie bone phosphate is con- 
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verte<l into a (toUihlv “superphosphate.”’ This is done 
by substituting four equivalents of hydrogen for two 
eipiivalents of calcium in /ncalcium or bone phosphate; 
leaving the whole of tlte valuable phosphoric acid in com- 
bination with one equivalent of calcium. 

The monocalcium phosphate (superphosphate) is soluble 
in water, and therefore a readily available plant-food. 

Bones for the preparation of hone, superphosphate are 
never reduced to a powder. They are merely broken into 
quarter or half-inch bones. " The object of not gidnding 
the bones in the preparation of superphosphates is that 
the bones shall appear in the manufactured article. Tliis 
is done solely to suit the whim of the agriculturist, who 
can thus see for himself that bones have been used in the 
preparation of the manure. This practice is detrimental, 
for the calcium phosphate in tlio bones is only partially 
actcfl on by the sulphuric acid — and superphosphates from 
such a source are apt to ‘ retrograde,’ or diminish in 
soluble phosphate by keeping ” (“ Treatise on Manures ”). 

Genuine bone suporpho.sphates contain from 11 to IS) 
per cent, of monocalcium phosphate, from 8 to 15 per cent, 
of tricalcium phosphate, and from 0'8 to 1’9 per cent, of 
nitrogen. 

Dissolved bones are beneficial for most crops, and supply 
the land with soluble phosphoric acid and a small quan- 
tity of nitrogen. 

For turnips and mangol-wurzels, bone auperi)hosphato 
should bo applied at the rate of 4 to C cwts. per acre. 
For pasture laud, 5 cwts. per acre should bo applied in 
the autumn or early spring. 

Bono sujwrphoBphato derived from previously steamed 
or boiled bones contains far less nitrogen, and consequently 
is a poorer manure, than genuine dissolved bones. 
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(<•) CoN'K-Asn SuPKIU’IIOSPIIATi:. 

Bnne-asli snpcrphos|)liato is ])icparod from tho imported 
hoiic-ashcs of Soutli America. Boiie-ash contains little or 
no nitro/jon, and in this respect differs from bones. Tho 
auperphosphato it ^dehls contains a smaller percentage of 
nitrogen than gennino bone svi])orpliosphate. 

Tho average amount of nitrogen in dissolved bone-ash 
is U‘‘J per cent. 

For maugcl-wurzels dissolved bone-asli should be a])i»lied 
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at tho rate ol 5 cwts. j)cr aero, and for turnips 4 cwts. por 
aero ; this forjns a good dressing. “ Dissolved bone-ash 
should bo in a lino, dry, powdery condition, and when well 
mado is specially suitable for uso with tho water-drill ” 

(Fig. 8). 

“ Dissolved bones and dissolved bonc-ash are of special 
importance on cold clayey and stiff calcareous or damp 
soils. Those manures applied to cereals, roots, or grass 
land promote tlio early maturity of each crop.” 
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(7) MiN'ERAL SUPERrHOSl'HATES. 


These superphosphates (like bone 8Uj)erphosphates) are 
prepared by the action of oil of vitriol on mineral phos- 
phates. coprolites, and guanos. 

The percentages of tricalcium phosphate and nitrogen 
which they contain vary considerably. 

The best mineral pliosphato found in the Dritisli Isles 
is the Cambridge coprolite (with about 50 per cent, of tri- 
calcium phosphate). 

The Somme phosphate (of the nortli of Franco) contains 
from 50 to 80 per cent, of tricalcium phosphate. The 
Belgian phosphate contains from 45 to tK) per cent, of 
tricalcium phosphate. 

All these phosphates and many others are used in this 
country for the manufacture of superphosphate of lime. 

“ The object gained in the manufacture of superphos- 
phates is to render the phosphoric acid in a soluble con- 
dition, so that when it is applied to the land it can bo 
immediately taken up by the living plant.” Soluble 
phosphates readily distribute themselves in the land, 
while insoluble or raw phosphates take a considerable 
time for the completion of this action. 

The next table gives the composition ol a good and bad 
mineral superphosphate : — 


Moialure 

Organic cnatUir, etc. . . 
Monocalciam phosptiotc 
( = Tricalciiim phosphate) 
Insoluble phosphate . . 
Cnloium sulphate . . . 

Alkaline salts . . . . 
Insoluble matters . . . 



1 lUd. 

1 ‘iO-.W 

14-40 

14-70 

8-03 

, 10-31 

8-00 

1 (1003) 

(5-Cl) 

17-72 

G-83 

28-80 

44-23 

IWJ 

2-51 

! 0-73 

10-50 

' 100-00 1 

1 1 

lOU-00 
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Messrs. Lawos' suporphospliato of lime (wliicli is ina<le 
from the best quality of raw materials) contains from 20 
to 28 j)er cent, of soluble phosj>liatcs. 

Ruporpliosphates, as already stated, are "ood manures 
for turnips and root crops generally. For potatoes they 
should be applied at the rate of 4 to G cwts. per acre ; 
“ but they must bo acconii>anied with potash salts if the 
soil is deficient in that ingredient.” 

From 3 to 4 cwts. of superphosphates as a top-dressing 
cause the early maturity of barley. 

Oat.s growing in tlio Fens are greatlj’ benefited by top- 
dressings of suporj)hospliatos, especially if applied in the 
spring. 

(8) Dissolvkd Pkruvian Ocano. 

This manure is the result of the action of oil of vitriol 
\tpon Peruvian guano. The acid renders the tricalciuin 
phosphate and guanine (a nitrogenous substance contain- 
ing 4G-3 per cent, of nitrogen) soluble, and the ammonia 
fixed (non-volatileb 

Tiio best Dissolved Peruvian Guano is that made at 
tlm Anglo-Continental (Ohiondorff’s) Guano Works. 

Messrs. Olilendorff & Co. wore tho firet manure manu- 
facturers who treated genuine Peruvian guano with 
sul[)huric acid ; and so rendered tho phosphoric acid and 
nitrogen available plant-foods. 

Tho present company which succeeded tho old business 
firm of Ohlondorff has extensive factories at Hamburg, 
Antwerp, Emmerich-on-Rhine, ns well as in London. 

“The London factory covers eight acres of land, and is 
admirably situated on tho Thames.” About 300 labourers 
are employed, besides a number of women who sow bags, 
etc. The weekly output from these works is more than 
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1,(XX) tons of dissolved Peruvian j'nano and other manu- 
factured manures. 

The followinx table "ives tlie composition of “ Olden- 
dorfi's” Gnann. The analysis is by 
Mr. H. B. Shepherd, F.C.S. : — 


^^oislnre (loss at lOO’C.) 

Organic matter -f- water of coinliination . . . . 

(Containing nitrogen = fi'7Go8‘21 percent, nminouia) 

Soluble phosphate of 

(Eipial to 20-(ji per cent. Iricalciuiu phosphate made soluble) 

Tricalciuui pho.sphalc (insoluble) 

Sulphate of lime, alkaline salts, and magnesia 
(Containing 2*21 per cent. potash = -l'l l per cent, sulphate of 
potash) 

Insoluble matter 


h:,5 

IMU 

UIH 

4 02 

27yx 


1-70 


10000 


The late Dr. A. Voelckor, F.H.S., rcport«l tliat Ohlon- 
(lorfffl JJissohrd Peruvion Guaiw was the “ most powerful, 
intrinsically valuable, and best prepared compound lertil- 
izor” which had ever been brou^xht niidor bi.s notice. 

Dr. A. Stbekhardt (the German asricultnral authority) 
states that ilinsotvcd Pernrian contains lai^n 

quantities of nitrogen and i»hosphoric acid ; like tlio raw 
guano, it is a concentrated manure. In ItXJ lbs. ot this 
manure there are 7 lbs. of nitrogen and 10 lbs. of phos- 
phoric acid, soluble in water, /.<■., about as much iiitroijni 
ns is contained in 2 tons of half-rotten stable dung, and 
as much jdiosplioric acid as is contained in 3 tons of dung. 
In consequence of the soluble state of the two i.rinciiml 
elements, 100 lbs. of dissolved Peruvian gnano liavo, in 
the first year, the same effect as 4,000 to 5,000 lbs. ol 

stable dung.” 

OhlondorlTs dissolved guano Ls a dry powdery manure, 
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and ahvaj's of an nnifoi m composition. It “ neither clogs 
the drill when sown by machine, nor flies off in dust when 
sown broadcast by hand.” 

It is an excellent manure for cereals, roots, leguminous 
and other crops. 

The following table is given as a general guide to the 
fanner using this manure for various crops: — 


APrUCATION OF DISSOLVED PERUVIAN GUANO. 



1 Qimntit.v of 
Mnimro por acre. 

1 

Remarks. 

Winter wheat . 

3 to 4 cwts. 

! Sown broadcast and lightly har- 
rowed iu before the seed is 
sown. 

SprinR wheat . 

3 to 4 

The manure should be mixed 
with 1 cwt. of salt before drilling 
in tlic seed. 

Potatoes . . . 

4 to 5 ewU, 

1 

Applied when potatoes are drilled 

1 if land hasbeeQprcviouslydrceKc<l 

1 with duDg. Without dung tho 
dressing of guano should be from 
G to 8 cwts. 

Pasture grasses 

3 to 4 cwls. 

Rest applied in autumn. 

Turnips . . . ' 

3 to 4 cwt»« 

2 cwts. of mineral superphos* 
pbates should bo mixed with tho 
guano, both for light and heavy 
soils. 

Mangel-wurzels 

4 to fi owls. 

Mixed with 2 cwts. of common salt. 

Clover . . . 

4 to 5 cwt8. 

Applied as a top-dressing in tho 
winter or early spring. 

Parley and oats | 

1 

3 to 4 cwts. 

1 

Mixed with 2 cwts. of salt. The 
manure to bo sown broadcast 
before seeding. 

Max . . . 

4 cwts. 

Sown broadcast and harrowed in 
before seeding. 


Iho manurial action of dissolved guano is quicker than 
raw guano. 

Prom a largo number of experiments performed in 
different parts of the world, and therefore under various 
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climatic conditions, it appears that dissolved Peruvian 
guanos are particularly suited for strong clayey lands, 
rather than those of a light sandy nature. 

(9) Retrograde Phosriiates. 

“ It has been known for several years that In some 
superphosphates the percentage of soluble phosjdiates 
{soluble in water) gradually decreases. Thus a ‘2t) i)er 
cent, superphosphate will bo decreased to 18 or lb |)er 
cent., or even less, in the space of a few months ” 
(“Treatise on Manures”). 

The cause of this backward change is most likely pro- 
duced by the imoluble phosphate (loft in the manure to 
dry it) reacting upon the soluble phosphate, and thereby 
producing “retrograde,” “reduced,” or bicalcium phos- 
phate. 

The reaction is represented by the following chemical 
equation : — 

Ca,P,0, + CaH,P.O„ = 2Ca.;.H,P20„. 

Tricalcium Monocalcium Dicalcuun pl>osi)tiato 

phosphate. jjhosphote {relroRradc pliosphalo). 

[$uiierpUo$phate\. 

“ The bicalcium phosphate formed is not so soluble in 
water (say rain-water) as superphosphate, but far more 
soluble than bone-earth or raw coprolites.” 

If mineral phosphates containing a comparatively largo 
percentage of iron oxide and alumina are used in the 
[irejjaration of superphosphate-s, the pitKluct is liable to 
“ retrograde.” 

Some agriculturists and chemists consider “ reduced 
or “ retrograde ” phosphates of as great, if not of greater 

value than superphosphates. 

Retrograde phosphates are not so easily washed out of 
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tho land by draina"e as the very soluble superphos- 
phates. 

Rotroffrado phosphate has a lav less diffusive power in 
soils tlian superpho.sphate. 

Fanners are becoming more and more aware of the 
imi)Ort*nco of adding phosphatic manures to all cultivated 
soils. “ M. Cirandeau (the French agricultural authority) 
recently estimated that one year's crop in Franco repre- 
sents 21)8, 2(X) tons of phosphoric acid, of which only 
151,200 tons were recovered from the stable dung, thus 
leaving a deficit of 147, 0(X) tons, equal to over one million 
tons of superjihosphatc, to be made good by other means.” 
“ M. Grandeau also estimated that tlio entire number of 
farm animals in Franco in 1882, representing a live weight 
of (),24i),48U tons, had accumulated from their food 11)3,458 
tons of mineral matter containing 7(1,820 tons of phos- 
phoric acid.” 

“Thc.se figures give some idea of the enormous quan- 
tities of phosphoric acid required to restore to tho soil 
what is continually being carried away by tho crops sold 
off the farm. Our forefathers in some way already 
recognised tho necessity, by resorting to tho use of 
auxiliary manures; they not only used rich marl for 
their exhausted fields, but also applied largo quantities of 
bone-meal ” (H. Voss), 
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AKTIFICIAL MAXUHES {Coutiuuaf). 

Is tho last cliapter we considered the manures derived 
from bones. Tlic present one continues the description, 
properties, and use of other phospliatic manures, sticli as 
tlie various fjuanos, coprolite.s, ami mineral phosphates. 
But before proceeding to describe the properties and uses 
of guanos, we offer a few remarks on the subject oi 

DltlLLINti VVi'KUti HAXI>-SOWlN(i. 

“ Drill.s are now in universal tise in haigland, ami are 
rajiidly becoming so in Scotland. Tho Scotch and noith 
of England fanners have, however, adhered with great 
pertinacity to the older system of hand-sowing ; and as 
this system is still recognised as useful under certain 
circumstances by all farmers, it will bo interesting to 
inquire into tho relative merits of hand-sowing or broad- 
casting versus sowing by tho drill. 

“ In the case of all root or fallow croi)S, — f.c., crops whicli 
take the place of the old bare fallow, once univci-sally 
used as a means of cleaning and renovating land, the 
advantages of tho drill are perfectly clear. A ialloN\ is 
not effective unless it leaves tho land both rich and clean , 
and when a fallowing or cleaning crop is sown, both 
objects must be kept steadily in view. Tho firet is 

accomplished by liberal manurinrj and feeding tho crop 

77 
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upon the land ; the second must be secured by cleaning 
pioccsses before sowing and subsefjuent iiitorculturo. 
This last requirement involves sowing in rows and the 
consequent employment of a drill. In the sowing of 
cereal crojis, much may be said in favour of broadcasting. 
(,1) Su})posing the land to bo clean ^freo from weed), 
broadcasting ensures a very equal distribution of seed, 
each ])lant being (supposing a perfect system of broadcast 
sowing) equidistant from its neighbours. (2) It is a 
mucli more rajud and clieaper method of sowing, ono 
man being able to sow fifteen acres per day. (3) 'Whoii 
the furrow is well laid for the purpose, /.c., presents a 
good ‘ seam ’ for the reception of the seed, or wlieii the 
ribbing plougli is used, broadcasting is as offcctivo as 
drilling. (1) Upon wet and lieavy soils the trampling of 
horses and tlio passage over tlio ground of a heavy implo- 
meut arc avoided; on tlio otlior hand, while drilling 
gives the plants a larger amount of room between tho 
rows, they are crowded in tho rows. It is slower and 
more c.xpcnsivo than broadcasting. It acts injuriously 
upon wet, stiff clays. 

“To all those objections the important fact may bo 
urged, that drilling (both seeds and manures) has 
triuuiiihed over broadcasting, and has tlius proved its 
e.xccllence. Drilling also possesses tho following sub- 
stantial merits. It ensures the depositing of tho seed 
at a uniform depth ; allows of hoi-so and linnd-hoeiiig 
(intcrculture), while a saving of seed is effected. 

It is difficult to see how wheat could bo sown except 
with the drill in tho south of England, where the general 
system is to sow upon a surface pressed firm and flat 
by the Oosskill or Cambridge roll” (Wrightson on 
“ Agricultural Machinery ”). 
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There is little dovibt that drillin" mainires or seeds is, 
in most cases, superior to hand-sowing. 


Gcakos. 

Guanos arc divided into two classes: (a) The nitro- 
genous guanos, (/3) the non-nitrogciio\is. 

The following table furnishes a list of the principal 
guanos of each class : — 


NUr»>gcnouH GiMinni«. 

Non-nitrfi^cnoiis* (lunn't?*. 


Punta de Lobos 

Aves 1 


V 

s 

Pabillon do Pica 

Mooa / West Indies 

Huanillos and Independeucia Itay 

Tortola^ 



Chincha iHlanda 

Baker > 


s 

cs 

Guafmpc latand 

Jarvis 


V 

0m 

Mocabi 

Starbuck 


S 

Uallcstas Islands 

Enderiey 


A 

,Aj)(;aino8 Island 

Maldon 



Icbaboe lalands 

Patagonia 

Howland 

Lacepedo 

Pacific Ocean 
Islands 


Falkland Islands 

Flint 


Capo Town (South Africa) 

Browse 



Australia 

Sidney 



Texas (“Bats’ Guano”) 

Phanix 
Huun 
Arbrohlos < 




Mcjilloncs (Bolivia) 



Kooria Mooria (Arabia) 


Guanos consist of the consolidated excrements of sen- 
birds. The nitrogenous guanos are only found to any 
jrreat extent in the “ rainless ” districts of the world. 

Little rain falls west of the Andes ; hence the islands 
on the west coast of Peru and Chili contain large deposits 
of nitrogenous guanos. 

In less favoured situations (as in the islands of the 



80 


MANURES AND THEIR USES. 


Pacific Ocean) the iiifrogcnoiis substances ai'O being coii- 
tinuall}' waslied out of tlie guanos by rain. The residue 
constitutes the ordinary »o«-uitrogenous guano. 

Alexander von Humboldt was the first traveller who 
gave an account of the Peruvian guano deposits. But 
nearly half a century elapsed before this knowledge was 
turned to practical use. 

Guano was introdticed into England by the Earl of 
Derby, in 1841. During that year, 1,733 tons of guano 
were imported into England ; while at the present time 
we use no less than 140,000 tons annually of this impor- 
tant fertilizer. 

The annual consumption of Peruvian guano may bo 
divided amongst the various countries as follows : — 


Great Uritaiii and Ireland 


. 140,000 tons 

France 

• 

. 100,000 


Uclfiium .... 


70.000 


Germany .... 


00,000 


Other European countries 


50,000 


United States of America 


Ho.OOO 

>» 

Manritius .... 

• 

. 20,000 

y I 

West Indies .... 

% 

15,000 

II 


It will bo noticed from the abov 


list that Great 


Britain and Ireland consume four times as much guano 
as the States of America. The reason of this is obvious, 
the soils of this country having been long drained of 
their natural fertility. 


“The virgin soils of Britain and France have long 
jiassod away, while in some countries — as, for instance, in 
the United States of Amorica—there are 12,000,000 acres 
of uncultivated laud (with virgin soils) in the State of 
Now York alone, of which 5,000,000 are covered with 
forests. These soils of America are ready to grow any 
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farm seed and yield a luxuriant crop. Why will these 
virj;in soils yield full crops without any addition o{ artifi- 
cial or natural manures? Because they contain all tlio 
mineral, carbonaceous, and nitrogenous principles re- 
quired for plants generally. They have not been culti- 
vated for centuries, like the soils of the Old World ” 
(“Treatise on Manures’’). 

All cultivated lands have a tendency to become barren, 
owing to the constant draining of their fertilizing princi- 
pift.s by tlie growth of croj)3, and the demands of an ever- 
increasing population. 

In France “one year’s crop represents 298,2(X) tons ol 
phosj)horic acid, of which only 151,200 tons are recovered 
in fannyard manure.” It is tlie same in Britain. Hence 
it become.s im])erativo that British farmers should replace 
in the soil all the substances of vital importance for plant 
nutrition and growth. 

Genuine Peruvian guano is the most imj)ortant of all 
the artificial manures. One ton of Peruvian guano was 
estimated by Nesbit to be equal in fertilizing properties 
to over 8H tons of good farmyard manure. Nitrogenous 
guanos are excellent manures for root and potato crops 
as w’oll as cereals. Conceniing the “ phospho-Poruviau 
guanos” found iu some of the islands of the West Indies, 
the late Dr. Voelcker stated that this manure “ h by far 
the moHt valuable fertilizer, lehcthcr natural or artificial, 
which an yet has been offered to the public” Voelcker 
recommended it especially for turnips, mangol•^vu^zels, 
and potatoes. 

For wheat crops, from 2 to 3 cwts. of guano per acre 
forms an excellent manure when sown broadcast (either 
by hand or by the manure distributor, Fig. 9), and har- 
rowed into the laud before sowing the seed. Whenever 

Q 



82 


MANUnEf^ AXD THEIli USES. 


possible, Kiiniio sliould be sown in damp weather. Damp 
weather diffuses it in tlio soil. 

For root crops, generally irom 4 to 5 cwts. of guano 
])cr acre i.s a good ilrcssing, especially for strong clayey 
soils. For grass lands, a mixture of superphosphate of 
lime and guano forms an excellent top-dressing. 

It must not be forgotten that in one ton of mradotr 
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hay there are nearly 34 lbs. of nitrogen, 10 lbs. of phos- 
phoric acid, and 30 lbs. of potash; consequently these 
important fertilizers must bo given back to the soil if it 
is to remain fertile. 

Peruvian guano has several advantages over other 
natural phosphates containing the same percentages of 
nitrogen and phosphoric acid, on account of its highly 
complex chemical condition, the nitrogen and phosphoric 
acid contained therein being each in several different 
forms and different degrees of solubility. For this 
reason it is more valuable as a plant-food. Peruvian 
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guano contains a portion of its nitrogen and phosphoric 
acid in the form of ammonium phosphate, which is an 
extremely soluble uitro-phosphatic substance. Another 
portion of the nitrogen is in the form of insoluble organic 
matter: while a portion of the phosphoric acid occurs as 
Insohible tricalcium phosphate. 

Peruvian guano contains a substance called 

guanine. It is allied to urea, a substance found in the 
liquid excrements of animals. Guanine, like urea, under* 
goes a chemical change in the pre.sence of water ; the 
nitrogen being converted into ammonium carbonate. 
The fonnation of ammonium carbonate in Peruvian guano 
is not desirable, as it is a very volatile compound, and 
would pass into the atmosphere with loss of aniinonia. 

Therefore, those farinei*s who keep large quantities of 
Peruvian g\iano should see that it is stored in thorouglily 
dry places, or the agi-icultural value of the manure 
(through damp) is greatly reduced. 

The next two tables give the composition of a variety 
of Peruvian and other nitrom nous gnanos : — 



PERUVIAN GUANOS. 
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The giiano of tlio Icbaboe Islands, near the south-west 
coast of Africa, is always being formed. It is collected by 
the inliabitauts and placed iu pits. By tliis means little 
nitrogen is lost by volatilization. 

Icliaboo is distingtiished from other guanos by the 
j)resence of a largo qtiantity of minute feathers, which 
indicate that it consists of the dried excreta of sea-birds. 

To.xas guano is the pure excrements of largo numbers 
of bats deposited in certain caves near the coast. The 
late Dr. Voelcker reported that Texas guano contains 
nitrogen in three distinct forms ; viz., as organic matter, 
as ammonia salts, and in the form of nitrates. The two 
latter sources of nitrogen are readily' available plant- 
foods; while the organic matter requires time for its 
decomj)osition. “ Therefore, it forms a reserve or latent 
supply of nitrogen, which becomes active after a time.” 

“ The greater part o! the nitrogen contained in 
Peruvian guanos is in the form of uric acid and its salts, 
but small quantities exist as the base guanine, etc. This 
nitrogen is almost immediately available as plant-food, and 
is considered by Homo to have equal value with the nitro- 
gen ol the salts of ammonia, if not with sodium nitrate. 

“ The jihosphoric acid of these guanos exists chiefly as 
finely divided calcium phosphate (tricalcium phosphate), 
but some of the phosphoric acid is in combination with 
alkalies like potash or soda. 

“ Agricultural cxj)oriencc does not, however, show tliat 
the guano of Peru is the most suitable form in which to 
8ui)j»ly nitrogen to chalky and calcarcom soils. On these, 
nitrate of soda is generally a more suitable manure.” 
The lime in these soils liberates ammonia from the 
nitrogenous substances, guanine, uric acid, etc. 

The next table gives the composition of the chief “ non- 
nitroycnoun ” guanos from various j)arts of the world : — 



NON-NITROGENOUS GUANOS. 
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The first thrco analyses are from Dr. E. WolfT s *‘ Pmktiscbo DunjorlcUro. 
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As a general rule, these guanos do not contain more 
than U 3 per cent, of nitrogen, which is chiefly in the 
insoluble condition. 


Adulteration of Guanos. 

“Guanos, owing to their high price, arc and liavo been 
greatly adulterated. Tho materials used for adulterating 
guanos arc sand, clay, gypsum, salt, powdered bricks, and 
limestone. Imitation Ichaboo guanos have been made up 
of precisely the same colour as the original, with feathers 
added. 

“Sometimes Peruvian guanos are adulterated with 
cheap mineral phosphates in a finely ground state. Such 
phosphates have not tho same agricultural or money 
value as tho phosphates, etc., contained in genuine 
Peruvian guanos.” 

Tho farmer who i)urchaso3 guanos should insist upon 
having a written giiai-anteo stating tho percentages ol 
nitrogen and calcium phosphate present; and if any doubt 
is entertained of tho genuineness of tho manure, it should 
be sent to an analytical chemist for analysis. 


Ammoxiated Peruvian Guanos. 

This manure is ordinary Peruvian guano with am- 
monium stilphato added, tho objoct boing to make tho 
ammonia equal to that found in a first-rato quality 
Peruvian guano. This “ ammoniated ” guano is some- 
times called in tho trado “equalized Peruvian guano.” 

OhlendorlTs “ ammoniated ” or “ equalized ” Peruvian 
guanos contain from 8 to 1) per cent, of nitrogen reckoned 
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as ammonia ; from 30 to 35 j)er cent, of phosphates, and 
2 per cent, of potash. 

Tlieso guanos have been in extensive use for many 
years in England, France, Germany, and the British 
Colonies. OhlendorfTs brand is of uniform quality, and 
free from lumps and stones. 

The “ammoniated” guanos are useful on all soils, 
except those derived from limestone and chalk rocks. 

COPROLITES AXD PSEUDO-COPUOLITES. 

“ Coprolites arc found in various parts of the world, 
and .some are said to consist of the fossilized bones and 
excrements of extinct mammals.” 

In England they are found in the form of nodules in 
the green-sand formation, the “Crag” of the eastern 
counties, and the chalk formation of the southern 
counties. Those coprolitic rocks are of Tertiary age. It 
was through Professor Henslow that the public were first 
made acquainted with the valuable phosphatic nodules 
which occur in the sedimentary rocks of the east and 
south-east of England. 

Henslow stated at the British Association meeting, 
hold at Cambridge in 1845, that “ a stratum of green 
sand, although never more than a foot thick, occurred near 
the surface over many square miles in the vicinity of 
Cambridge, and the pebbles it contained yielded G1 per 
cent, of earthy ])hosphate and 24 per cent, of carbonate 
of lime, the rest being insoluble matter.” 

In 1851, Dr. T. S. Horapath, F.R.S, wrote in his paper, 
“ On the value of fossil bones and pseudo-coprolitesof the 
Crag,” as follows : — 

“They are found m enormous quantities on the coasts 
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of Suffolk, Noi-folk, and Essex, where several hundreds ol 
persons are now activel}' employed in exhuminji and 
collecting them with the view to their future conversion 
into artificial manures. It is from these counties, indeed, 
that Mr. Lawes, of Rothamsted, obtains nearly the whole 
of the material he employs in the ])rej)aration of his well- 
kno^^^l ‘Coprolite Manure,’ and so extensive is tlie 
demand for this description of fertilizer for wheat and 
turnip-growing lands that several thousands of tons o! 
fossil bones, etc., arc annually sold in this conntrj'^ under 
one form or another, and the consumption of them is daily 
and rapidly increasing.” 

The following table shows the annual “output” of 
coprolites and phosphatic nodules, in the counties of 
Cambridgeshire, Bedfordshire, and Suffolk, from 1878 to 
188f) 


Ycftr. 

Out pul in loiiit. 

Monuy vntuo. 

1878 

r, 1,000 

jUI. '.0,000 

1879 

S 1,000 

73,7‘>0 

18S0 

SO.tiOO 

7O,9,>0 

1K81 

SI.GOO 

80.028 

1882 

49..'i00 

97,000 

18k:i 

4y.5fM) 

101,02.5 

I8>ri 

.*>1,800 

103.900 

188.", 

30,000 

60,000 

1HS<I 

20,000 



“ It is, however, evident that the production is de- 
creasing, not so much becauso the deposits nro becoming 
exhausted, as because Charleston and other phosphates 
are found to be better and cheaper for the manufacture 
of superphosphates.” 
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Tho noxt table shows the composition of the English 
coprolites ; — 


COMPOSITION OF ENGLISH COPROLITES. 



SnlTolk. 

CAcnbrUlKCHhire. 

Bc<lfonl»)iiro. 

Wator • . • . 
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4-01 1 
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23-17 
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1-06 
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• • 

0-78 

0-84 
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Soda 

» 4 

0-2.'> 

0-73 

1 

Chlorino. . . . 

• • 

Traces 

Traces 


Fluorine • * . 

• • 

300 

4-05 

+ 

Snudy matter • 

• • 

10 01 

G-22 

20-81 
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1001)0 

100-00 

100-00 

1 

'Etiual to bone phosphate 

01-30 

57-12 

51-24 

1 


From the recent experiments of Mr. B. Dyer, B.Sc., 
it appcai-s that superphosphates are better suited for well- 
limed lauds, and tho ran* coprolites for those lands con- 
taining only a small percentage of lime. 


Mineral Phosphates. 

The miurral phosphates which occur in other parts ot 
the world are, for tho most part, different from the copro- 
lites of this countiy. For instance, tho mineral phos- 
phates of Canada cannot possibly have a mammalian or 
mnrian origin, being found in Laurentiau or the oldest 
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rocks, iu the form of “ pockets,” due to deposition from 
solution. 

“When found in the older rocks, mineral phosphates 
are either in a crystalline (apatite) or a non-crj’stallino 
(phosphorite) condition.” 

The first mineral phosphate raised for agricultural pur- 
poses was in the province of Estreinadura in Spain. 

Mineral phosphates are largely used in the manufacture 
of the cheap superphosphates of lime. The supplies of 
mineral phosphates are or have l>ceu obtained from the 
following parts of the world : — Soutli Carolina, Canada, 
Norway, France, Germany, Spain, Algeria, Kussia (copro- 
lites), and Belgium. 

The next table gives the comimsitiou of a number of 
mineral phosphates : — 



MINEKAL PHOSPHATES. 
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(1) The Canadian phosphate (aj)atite\ in a crystalline 

condition, is found in certain rocks of Pahnozoic ago. 
Tliis ])ho.sphate is largely exported to England. During 
the year 1887 no less tliaii tonsol Canadian apatite 

were used in England for the manufacture of superplios- 
phate of lime. 

The superphosphate obtained from Canadian apatite is 
largely used for tlio wheat-growing soils of that country. 

(2) Norwegian apatite contains a considerable amount 
of silicious matter, but is almost free from carbonate of 
lime. 

(3) Russian coprolitcs contain a high j)crcentage of 
silica, and only 4fJ per cent, of tricalcium jdiosphato (bone 
phosphate). 

The shipments of both Norwegian apatite and ot 
Russian coprolitcs to this country have almost ceased, 
the latter on account of a heavy duty put on its o.xporta- 
tion to other countries. 

(4) Tiie phosphates of the province of Estreinadura 
(Spain) have long been known, but the mines have on!}' 
been worked on a largo scale about twelve or fourteen 
years. Those deposits contain a considerable perceutago 
of tricalcium phosphate, and have proved useful in tlio 
preparation of superphosphates of lime. Spain and 
Portugal exported, in 1887, 15,G12 tons of mineral phos- 
phates to this country. 

(6) The South Carolina phosphates are of Eocene age, 
and are therefore not so mineralized ” as the Canadian 
and Norwegian phosphates which occur in the oldest 
formations. These phosphates were discovered about 
twenty years ago, and up to the present time 4,500,000 
tons have been exported to Europe. 

There are two varieties of Carolina phosphate; viz., 
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“ the river phosphate ” and “ the land phosphate.” The 
former is obtained bj' dredging tlie various rivers ot 
South Carolina, and is of a higher agricultural value than 
“ the land j)hosphatc.” During the last few years about 
two-thirds of the British supj)ly of phosphate has come 
from this j^art of the world ; and as its price has been 
low, manure makers have been able to manufacture a 
cheap superphosphate of good qualit}'. 

(0) French phosphates, or the phosphates raised in the 
departments of Tarn-ot-Garonne, Lot, Lot-ot-Gnronne,etc., 
were formerly exported to Great Britain, but the importa- 
tion has now almost ceased. These phosphates contain a 
certain amount of iron oxide and alumina, and “ therefore 
fin<l a bettor market in France, where these constituents 
are not so much objected to, because phosplioric acid, 
whether soluble in water or only in citrate of ammonia, 
is conshlorcd of almost equal value.” 

Recently phosphates of good quality and suitable lor 
the English market have been raised in the departments 
of the Somme and d’Oise in the north of Franco. These 
deposits are of the Chalk age, and contain from 50 to 80 
per cent, of phosphate of lime. The quantity raised 
during 1888 was about 150,000 tons. 

(7) The German phosphatic deposits have been worked 
since 1804. They are largely used in Germany for the 
preparation of superphosphates, but are of little value 
for the preparation of manures in England. German 
phosphates contain too high a percentage of alumina and 
iron oxide for the preparation of a f/ood quality super- 
phosphate. 

(8) Belgian phosphates have been used in this country 
for some years. The deposits occur near Mons, " in the 
so-called pockets, which are circular indentures in the 
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rock ; some also are lound in tlie shape of rock, the so* 
called ‘ crnir ijrisc,' or jdiosphatio chalk.” 

Bclj^ian phosphates contain from 35 to 4U ))er cent, of 
tricalciuin jdiosphafc. The phosphates raised near the 
Boi.s d'Havre are of better (piality, containiii" fj-om 55 
to (15 per cent, of tricalcium phosphate. The (luantity of 
Belgian phosphates raised in 188G was about 145, Mji} tons. 

Crust Guaxo. 

The island depo-sits previously named under Peruvian 
and other guanos “ all supply guano in a powdery form, 
the actual drop|)ing8 of birds more or less washed out ; 
wliilst there are others, such as Sombrero, Cura<;-ao, Aruba, 
Me.vico, Navas.sa, and Cayman, which suj'ply .soft rock 
phosphate, tho crust f/unno of commerce.” 

“ Tlie origin of most of these phospliates i.s probably', 
to some extent, bird deposits, but having been for a long 
time in contact with coral rock, tho carbonate of lime 
has been converted into phosphate of lime, and the 
phosphate is now found as a rock.” 

Tho next table gives tho composition of a few of those 
phosphates : — 

CRUST 6UAN0. 



j Anihii* 

Sombrero. 

S'avuiiKn. 

f Curoeno 

Water 

6*55 , 

flC7 , 

5-91 

8-72 

Or((aDic matter .... 


1 

5-4G 

.6-79 

Phosphoric acid .... 

3111 

32-46 

31-18 

33.61 

Lime 

4i-i!g 

4G-11 

37-70 

4,3-01 

Mngncflia, iron oxide, ok. 
Carbonic acid 

14-72 

4-29 

13-29 

6-71 

G-C9 

7-33 

2-38 

2-9C 

Sulphurio acid .... 



1-10 


Sandy matter 

0-24 

115 

2-92 

0-30 


100-00 

100-00 

100-00 j 

100-00 
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(1) Sombrero on<l Cura(;ao Islands produce some of tlio 
]uirost phosjihates known in the manure trade. 

t'2) Tiio })hosj»hates from tlio otlier West Indian Islands 
yield from (>U to 8iJ per cent, of tricalciuin phosphate. 


As stated before, the chief use of mineral phosphates 
is in tlio })reparation of superphosphates of lime; but for 
soils rich in organic matter, “ ground ” mineral phosphates 
have proved excellent dressings. From 7 to 10 cwts. per 
acre of “ grouml phosphate ” have been recommended for 
barley. For pasture land tliese manures liavo proved 
useful, when applied at the rate of 10 cwts. per aero. 


Thomas Phosphate. 

Thomas piiospliato, basic slag, or basic cinder, is a 
product formed during the convoi'sion of cast-iron into 
steel by wliat is known as the “ basic j)roces8.” 

During the year 1887, Great Britain produced 100,000 
tons, and Germany 202,000 tons of basic cinder. Basic 
cinder contain.s from 9 to 2G per cent, of phosphoric acid, 
while a ffond quality slag should contain from IG to 20 
per cent, of phosphoric acid. 

The following are comparatively recent analy.ses of 
this new source of phosphoric acid for agricultural pur- 
poses : — 
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THOMAS PHOSPHATE. 




AsiLYns. 



HUii 

A. 11. GrifllOiP. 

nui\ 

Lillie 

11-51 

4501 

1 

1 47-34 

Magnesia 

Ferroufl oxide . . . 

013 

6-20 

1 0-01 

14-CO ! 

11 04 

' 12-72 

Ferric oxide .... 

8-W 

5-U2 

2-U7 

Manganous oxido . . 

.3-81 

3-51 

.3-43 

Alumina 

200 

1-72 

' 1-43 

Piiosrnomc acid . . 

14-32 

lH-11 

1010 

Sulphuric acid . . . 

0-31 

0-41 

Trace 

Sulphur) 

0-23 

0-30 

0i»l 

Calcium I 


1 

0-41 

Vanadium oxide . . . 

1 0-20 

021 

MO 

Silica 

7-40 

6-00 

6-70 


09 03 

99-99 1 

100 00 


It appears that the tcholc of the plio.sphoric acid is in 
the form of tetracalciura pho.sphatc (tctrabasic phofsphalo 
of lime), which is far more soluble than either bone or 
retrograde phosphates. According to Professor Wagner 
{“ Der Dtingowerth imd die rationello Vorwondung dor 
Thomas Schlacke,” 1888), finely divided basic slag {tetra^ 
calcium phosphate) is soluble in carbonic acid water to 
the extent of 30 per cent., while similarly treated phos- 
phorite (fricalcium phosphate) is soluble only to the extent 
of 8 per cent. 

This proves that the lime phosphate which basic slag 
contains is a readily available source of phosphoric acid, 
easily taken up in solution by the rootlets of growing 
crops. 

Rain-water and the moisture of all soils contain car- 
bonic acid gas in solution ; therefore this moisture is 

H 
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capable of dissolving the tetrabasic lime phosphate con- 
tained in basic slag; tliis, in its turn, supplies tlie growing 
crops with phosphates requisite for their proper develop- 
ment. 

Tliomas phosphate (although it has been in the manure 
market for tlio ]>ast half-dozen years) has not had the 
approval of the British farmer it merits. In the words 
of Mr. R. Warington, F.R.S. : — “Basic slag has been 
little used in England, chiefly in consequence of the 
prejudice of the English farmer against anything new, 
and not because our soils are unsuited to it. I can re- 
collect Sir John Lawes saying that, in j’cars gone bj% 
when ho changed his material for making superphosphate 
from animal charcoal, which gave a dark blue colour, to 
coprolitc, which produced a pale brown manure — that it 
was diflicult to get the farmei's to take the new manure, 
ns they thou (fht the virtiw lay in the dark colour (! !). 
The (Tcrmans, the Danes, and, in fact, the farmers of 
most Continental nations are getting ahead of the British 
farmer, simply because they understand better the prin- 
ciples that underlie tlieir work.” 

It is a misfortune for farmers to stand in their own 
light; for after superphosphates, Thomas phosphate 
powder is the most readily available source of phosphoric 
acid for agricultural purposes. 

“ Farmei's cannot aflbrd to use a phospliatic manure 
which will have scarcely any immediate action on their 
crops. They naturally want ns quick a return — in the 
shape of hea\'y crops — from the money they invest in 
manures as is possible. On this account they prefer and 
pay more for a quickly acting manure than one that acts 
more slowly ” (Aikman). Therefore, for this object, where 
a good as well ns a cheap source of phosphoric acid is 
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a (Icsiderfitnmy the farmer cannot do better than use 
Thomas pliospliate powder. 

Tliomas pliosphate should only be purchased in the 
form of an iuipalpablc potrdcr, and guaranteed to contain 
from Id to 20 per cent, of phosphoric acid. Recently in 
Germany a slag has been produced containing from 25 to 
20 per cent, of phosi)horic acid, and is sold to farmers 
under the name of “ patent phosphate meal.” 

According to a largo number of experiments made in 
this countrj' and in Germany, tho phosphoric acid con- 
tained in Thomas phosphate is Italf ns vahinhlc as that 
contained in superphosphate of lime. 

Thomas phosphate powder ought to be ploughed into 
all arable soils, so as to be near the roots of tho crop,— 
simj)ly harrowing is insufficient, 

Tho soils best suited for this manure are those of a 
peaty or of an organic nature. There is little doubt that 
this valuable and unlimited source of phosphoric acid 
would prove highly beneficial on tho soils of tho fen 
districts of this country. 

On the German moorland soils Thomas phosphate has 
proved equal to, if not bettor than, superphosphates for 
barley, oats, potatoes, and sugar-beets; and it is a 
cheaper source of phosphoric acid than superphosphates. 

Professor Wagner recommends cwts. of Thomas 
phosphate per acre as tho (piantity to be applied to tho 
land; while Professor Wrighlsou recommends from to 
10 cwts. per acre. The latter, of course, would be a very 
liberal manuring. 

Thomas phosphate may be mixed with raw phosphates, 
superjjhospliates, nitrate of soda, potash salts, etc., but 
not with ammonium sulphate, os the free lime which 
it (Thomas phosphate) contains would liberate the 



100 


M.tXT'IiES AXD THEIR USES. 


nmmonia, and result in loss of this valuaVde nitrogenous 
manure. 

During tlie year 1888, a valuable series of experiments 
were made by Mr. .T. Mason, at Eynsham Hall, Oxford- 
siiire,' on the comparative value of Tliomns phoapUntc 
and otlier fertilizers. 

The crop was wheat ; and 27 plots of land of an aero 
each wore used to compare the results from a pecuniary 
standpoint of dung, Thomas phosphate, lime and super- 
phosphate. 

For the iu'O fivst-nanud dressings several duplicate 
plots wore provided, and there were also six separate 
plots left iinnianured. Five of the plots wore manured as 
follows : — 

No. I., with 14 loads of good farmyard manure. 

No. II., with 14 loads of dung, and a subsequent 
top-dressing of 1(58 lbs. of nitrate of soda. 

No. III., with 10 cwts. of Thomas phosphate, followed 
by a top-dressing of 302 lbs. of nitrate of soda. 

No. IV., with 8 cwts. of Thomas phosphate, followed by 
a top-dressing of 302 lbs. of nitrate of soda. 

No. V., with 8 cwts. of Thomas phosphate, and no top- 
dressing. 

In working out the money part of the experiments, the 
value of the head corn w'as reckoned at 3s. lO^rf. per 
bushel, the tail corn at 3.'<. per bushel, and the straw at 
35iJ. per ton. The seed used was estimated at 12s. per 
acre, and rent and taxes at 24s. The labour bill was 
highest on plot No. II., which received 14 tons of farm- 
yard manure and a top-dressing of nitrate of soda ; and it 


* The results were published by the exporimonier. 
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may bo noted that as the land had only lately been taken 
in hand, there was an expenditure ot 15s. per acre for 
labour above that which would have sufficed under 
normal conditions. Plot Ko. II. gave tbo largest crop, 
the total produce being (j7 cwts. lUO lbs., representing a 
money value of £12 14s. ; the total cost of produc- 

tion, loss management charges, being £12 15s. 8</., of 
which amount £4 4s. 2d. was jjaid for manure ; the ex- 
jjenditure thus showing a /oss of lOjd. per acre. 

The Thomas jihosphatc, on the other hand (8 cwts.), 
with a top-dre.ssing of nitrate of soda, yielded produce to 
the amount of (iG cwts. ItJO lbs., valued at £12 IDs. o.jf/. ; 
while the total cost of production was £10 13s. 8f/., leaving 
a clear proEt of £2 b.s. 9^r/. per acre. It is a noteworthy 
fact that 8 cwts. of Thomas phosphate, with a top-dressing 
of nitrate of soda, was more efficacious than IG cwts. ot 
the phosj)hato with the same amount of nitrate of soda. 
This shows that fanners can easily oiu-r-manure their 
lauds with no material benefit to the crop or crops grown. 

The produce from plot No. V., manured with 8 cwts. of 
Thomas pho.sphato rt/ouc, left a clear profit of £l Is. Id. 
per aero. 

In all the “Eynsham experiments” where Thomas phos- 
])hat 0 was used, the result was a profitable one. From 
these experiments it is obvious that Thomas pho.sphato or 
finely ground basic slag must bo considered an important 
fertilizer for ichvat crops. There are several reasons why 
Thomas phosphate should bo used by farmers in proforonce 

to other raw phosphates : — 

(rt) It is cheaper and more soluble in rain-water, and 

therefore a direct plant-food. 

{b) It id a home product; and to all interested in the 

development of our home industries, Thomas phosphate 
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slmuld be used in j>rofereuce to foreign coprolites, phos- 
phates, etc. 

^c) “ It is not tho aim of the fanner to produce the 
greatest crops irrespective of profit or loss, but to realize 
tho \Umost clear profit."' Thomas phosphate, when 
judiciously used, in respect to quantity and quality, pro- 
duces a clear profit for all crops requiring [)hosphatic 
manures. 

{(1) Tliomas phosphate may be either sown broadcast 
(by hand nr macliino), or drilled in with tho seed, or 
ploughed into the soil as recommended by Dr. Wagner. 

(c) Tho after-action of Thomas phosphate in the soil 
surpasses largely tho after-action of superphosphate of 
lime. 

It is a great misfortune to British agriculture that 
farmers, so far, have ignored the benefits to be derived 
from ai)plications of this all-important source of phos- 
phoric acid. 

Tlie Britisli farmer appears to bo prejudiced against 
any innovation in tho agricultural art. 

About fifty years ago, tho late Sir Robert Peel pre- 
sented a Farmers’ Club at Tamworth with two iron 
ploughs of tlio best construction. “ On his next visit the 
old ploughs witli tho wooden mould-boards were again at 
work. * Sir,’ said a member of tho chib, ‘ we tried the 
/ro», and we be all of one mind that tlioy made the weeds 
grow ! ’ ” 

In these days iron ploughs are the only ones used ; still 
there is tlie same amount of prejudice in other directions. 

If once and for ever this prejudice could be buried in 
oblivion, we should find British agriculture making the 
.same progress as is found in the great technical industries 
of this country. 
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To conclude the chapter, in the words of Dr. Leone 
Levi : '—“Some writers used to distinguish agriculture 
from industry, the ouo being intent upon the extraction 
of produce from the soil, the other upon the shaping, con- 
verting, or manufacturing what nature supplies. But 
it in 7iot so. Agriculture and manufactures are both 
industries requiring alike labour, skill, and capital. In 
England, the divorce is indeed complete: but they had 
better look keenly to one another, and each draw from 
the other the lessons which it needs.” 


» “ ^York and Pay,” p- 10- 



CHAPTER YII. 

ARTIFICIAL MANURES {conttHUCd). 


This choptor is devoted to detailing tlio various artificial 
iiitrogcno7(s manures, and the best methods of applying 
them to the laud. 


Nitrogen necessary for Plant-life. 

Nitrogen is essential to the growth of* crops. Without 
nitrogen no growth. The following table shows the 
amount of this element removed from the soil during the 
growth of farm crops : — 


1 ton of boans 

removes ftfl-G 

1 

9* 

barley 

II 

SOU 

1 

>1 

wheat 

II 

•10-3 

1 

II 

oats 

II 

44-8 

1 

t| 

tares (aoed) 

It 

940 

1 

II 

clover 

II 

63-7 

1 

II 

meadow-hay 

II 

33-C 

1 

II 

peas 

II 

80-G 


of nitrogen from the soil. 

II >1 >1 

II II 

II II 

II M It 

It It It 


It 


Nitrogen “is an element as necessary to the cultivated 
plant as sunshine and rain. It enters into the formation 
of roots, leaves, wood, and seed, and is nt the same time 
an element of that organic substance, protein {alhuinin\ 
the production of which is the principal object of agri- 
culture.” 

Apropos of the importance of nitrogenous manures for 
the growth and development of farm crops, the follow- 
ing axioms are of the utmost importance 
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(1) “Kocrop can flourish without obtaining nitrogen by 
its roots, i.c., without a supply of nitrogen from tho soil.” 

(2) “ It’ the soil is not supplied with nitrogen, it cannot 
yield a crop at all satisfactory to the fanner; therefore 
nitrogenous manure is an indispensable factor in rational 
agriculture.” 

(3; “ The nian\ire produced on tho farm is in very few 
cases sufficient to supply tho cultivated jdant with tho 
nitrogen it requires to produce croj)s securing the highest 
possible clear profit. The practical farmer must therefore 
have iccoui*so to artificial manures.” 

(4) "Dry, light soils require loss phosphoric acid and 
more nitrogen and potash, whilo a damp, heavy soil needs 
tho phosphoric acid to predominate.” 

(5} " Barley and rye need less nitrogen manure than 
oats and wheat; tho former are more prone ‘to Ho ’ than 
tho latter. Very small quantities of nitrogen must bo given 
with barley if it is to bo used for browing ; but if, ou tho 
other liand, it Ls to bo used for distilling, its quality will 
not be injured by a heavy manuring with nitrate of soda.” ^ 

The priucii)al nitrogenous (artificial) manures used in 
fanning are as follows : — 

(1) Nitkatk of Soda. 

Sodium nitrate (cubic nitre, Chili saltpetre, NaN 03 ) is 
essentially a nitrogenous manure, containing, when pure, 
IG‘4 per cent, of nitrogen. 

It occurs in extensive deposits in certain districts of 
Chili, Peru, Bolivia, and other parts of South Amorica, 
Nitrate of soda occurs in tho sedimentary formations of 
Peru, and is found between a layer of sand (containing 

' Stutzer’s “ Nikrnte of Soda : Its Importance and Use as Manure ” 
(Whittaker d: Co.). 
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gypsum), called “ chuca,” and a conglomerate of clay, 
fragments of pori)hyry and felspar, cemented together 
with gj’psum and other sulphates, called “ costra” (Fig. 
10). The layoi'S of nitrate of soda (“ caliche ”) found be- 
tween the “ chuca ’’ and “ costra ” ai-o from 1 to 16 feet 
thick, a hundred or more miles in length, and lie from 
U to 10 feet below the surface. 

“The regions in which the nitrate is found are quite 
destitute of vegetation. There is often no rain for three 
or live years, and oven then so little that the surface is 
hardly moistened.” The nitrate of soda of Peru occui'S 
on the plateaus of the province of Tarapaca, and is the 
final product of the process of nitrification from sea-weeds. 

According to Roscoe and Schorlemmer, the cmde nitrate 
contains from ‘27 to 65 per cent, of NaNO^ mixed with 
gypsum, salt, sodium sulphate, etc., and is purified by 
lixiviation with water followed by evaporation. 

Tlio following table shows the composition of ordinary 
comuicrcial nitrate of soda; — 



Ak ALTStS. 


Mr. H. Follows, P.C.S* 

1 

Messrs. Hudson Brothers. 


I. 

1 

11. 1 

1 

1. 

n. 

Nitrate of soda ... 


97-45 

9G-70 

97-60 

Chloride of soda . . 

0-02 

0-37 

1*30 

1-20 

Sulphate of soda . . 

0-44 

0-30 

0-10 

010 

Water and insolubles 

2-49 

1-88 

1 

1-90 

110 


10000 

10000 i 

1 

10000 

100-00 

* Bcfraotion. . . . 

3‘56 per 

mm . _ > — 1 

2*o5 per ; 

3*3 P«r 

2-4 per 


cent. 

cent. 

cont 

coni. 


‘ Bcfraotion = total impurities. 
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A f]ond quality nitrate should contain at least 05 per 
cent, of pure nitiatc. Nitrate of soda is soinetiiues adul- 
terated with common salt, sodium sulphate, and other 
substances. The farmer should insist ujjon havin" a 
nitrate with a purity of not less than 05 per cent,, as this 
contains 15J por cent, of nitrogen, Cijual to If) per cent, 
of ammonia, or an allowance should bo made for a lower 
quality. 

Nitrate of soda is a valuable manure for all styan'-fjrOH'~ 

/»;/ rape, mustard, sugar-beets, potatoes, meadow 

grasses, etc. As the mean results of a largo number of 

cxj>oriments performed in a variety of soils and under 

various climatic conditions, overv 1 cwt. of nitrate of 

* « 

soda produces a return of 3 cwts. of grain and 5 cwts. of 
straw, and yields a clear profit of over 115 por cent. 

For iHcndotr land nitrate of soda can only bo pyofitabUj 
used, under certain favourable conditions of soil and 
(dimate. Before applying costly nitrates the farmer 
should carefully look into these conditions. Messrs. 
Lawes’ and Gilbert's oxi)oriments show “ that nitrate of 
soda is unprofitable ns a manure (for meadows) with the 
soil and climate of Rothamsted.” 

In other parts of this country top-dressings of nitrate 
of soda for meadow and pasture lands have proved of the 
greatest value. 

Nitrate of soda being a very soluble manure, it is 
always best to use it as a top-dressing when the crop is 
beginning to come up. 

All cereal crops growing on British soils shoitld bo 
supplied with nitrogen, phosphoric acid, etc., between 
certain limits. Some soils require more nitrogen, etc., 
than others; but nearly all British soils require either 
a maximum, or a medium, or a minimum amount of 
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nitrogen, phosphoric acid, and potash for tlio growth of 
cereals. 

The following tabic shows the extent of these limits:— 



A Matitnum A Medium ** 

Mjinurt*. Manure. 

1 

A ** Mitiiinum 
Mftnure. 


Per acre. P‘T ncre. 

Per acre. 

Nitrate of soda . . 

3 CWls. ' l^CWt. 

J CWt. 

Superphosphate of 
lime .... 

1 

3 .. 2 .. 

14 .. 

Potassium chluiide 

1} i .. 

4 - 


Taking into consideration the nature of the soil and tlio 
crops to bo grown, the fanner must judge tor hiinsoll 
wliich of the above is suitable for any particular case. 

Let him bear in mind : (1) That wheat and oats require 
more nitrogen than rye and barley. (2) That a dry light 
soil requires more nitrogen and potash than a damp heavy 
one. (3) Tliat organic soils, or those rich in humus, 
require more phos|)horic acid and less nitrogen than soils 
poor in organic matter. (4) If the previous crop was what 
is known us a '' nitrnyvn-ynlhin’i',^' ^ a less quantity ol 
nitrogen is required for the next crop. (5) If the previous 
crop was a “ uUroyen'Conswncr,'* ^ a maximum manure of 
nitrogen is essential to keep the land in a fertile condition. 

Prom the above remarks, the farmer will observe tiiat 
to use more than 3 cwts. of nitrate of soda for cereal 
crops is so inucli waste money. The nitrate is not 
retained in the land after the first year of its application. 
Quoting from the author’s “Treatise on Manures,’ let 
farmers bear in mind that— 

’ Clover, tares, lucerne, beans, peas, and Icgnmiuous crops gene* 
rail; are “ nitrogen^gatherors.” 

* Cereals, potatoes, beetroots, etc. 
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“ Over-infxnnriiig and imder-raanuriiig are mistaken 
principles in Britisli agriculture/’ 

It has been shown “ that it is better to use nitrate of 
soda in fractional top-dressings, as the cro))s progress 
in growth, rather than at one time; a larger yield is 
thereby* obtained/’ 

If the dressing consists of 1.1 cwt. of nih'ate of soda 
per acre for wheat, it should bo divided into three instal- 
ments of 50 lbs. each, and each instalment applied in 
March, May, and Juno respectively. 

By fractional tojy'dressings the author obtained 60 
bushels of grain against 42 busliols of grain when 11 cwt. 
of nitrate of soda was applied in one instalment. 

“There is little doubt that fractional top-dressings of 
the more soluble manures is the most economical way of 
applying them, and the profit derived from this method 
is far in excess of the small additional cost of, say, three 
applications.” 

Nitrate of .soda is not only a direct but an indirect 

% 

plant-food. It has the power of hastening the nitrifica- 
tion of insoluble organic matter contained in soils; and 
according to Dr. Fiedler it favours the absorption of the 
phosphates. 

The experiments of Lawes and Gilbert prove that the 
inanurial effect of nitrates is always increased by the 
addition of phosphatic manures and potash. It was found 
that for every 1 cwt. of nitrate of soda used without 
phosphates the yield was less than when phosphates had 
been used as well; and the return (in money value) from 
nitrate combined with phosphoric acid is always greater 
than that from nitrate alone. 

The following table represents the results of a few of 
the Rothamsted experiments. Each crop was manured 
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with the same amount of nitrates, but and icithotit 

ph'osphatic manures : — 

Manure^. ' YicUI. 

t 

^With phosphates . i 239 lbs. corn and G23 lbs. straw 

SWithout .. . Ill .. 2 % „ 

^Excess with „ . 128 „ ,, ,, 327 „ „ 

/With phosphates . 231 lbs. corn and 4r>G lbs. straw 

S Without „ . 107 .. 309 .. 

^Excess with „ . 34 ,, „ „ 97 „ >. 

/With phosphates . 541 lbs. com and 1028 „ „ 

J Without „ . 317 „ „ 827 .. „ 

vExcess with „ . 224 „ .i 201 „ 

I 

Of course tlto farmer must in every case first ascertain 
the requirements of the land and crop to be cultivated 
before manures are applied. “ Nitrate of soda can only 
produce its full effect when phosphoric acid, pota.sh, and 
other nutrient substances are jiresent in sufficient 
quantity.” * 

(2) AmMON’IUM SULl'HATE. 

Sulphate of ammonia is a homo product, obtained ns a 
bye-product in the manufacture of gas, “ oven-coke” (for 
metallurgical and other purposes), shale oils, and other 
industries. 

The ammoniacal liquor which is really the bye-product 
obtained in the above industries contains ammonia which 
is driven off (in the form of ammonia gas) and finally 
absorbed by sulphuric acid contained in lead-lined tanks. 

• This remark applies to other manures as well as nitrate of soda. 


CrO|i». I 

(1) ^\^leat 
(arerage of 
33 years) 


(2) Oats 
(average of 
5 years) 


(3) Darky | 
(average of | 
1C years) i 
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Sul])liate of ammonia for a"ricultnral purposes should 
contain from 19 to 21 per cent, of nitrogen, which is equal 
to 23 to 25 per cent, of ammonia, and not more than 2 
per cent, of impurities. 

The following analysis represents a good sample of this 
manuro : — 

Moisture .... 6’51l 

Sulphate of ammonia . 9r04 = 19*5 per cent, of nitrogen. 

Impurities . . . 1*47 

100-00 

Sulphate of ammonia is suitable for nil soils (requiring 
supplies of nitrogen), except those derived from chalk 
and limestone formations. Sulphate of ammonia should 
7wt bo used on any soil containing more than 10 per cent, 
of carbonate of lime. If the farmer uses this source of 
nitrogen for soils containing much carbonate of lime, the 
nmmonia from the sulphate volatilizes into the atmo- 
sphere. For all chalk}' soils, nitrate of soda is the nitro- 
genous manuro to be used. 

Sulphate of ammonia is a most valuable manure for 
clayey and loamy soils, especially when mixed with 
insoluble phosphates. 

Drs. Miirckor, Schultze, and others have shown that 
sulphate of ammonia increases the percentage of stigar 
in sugar-beets, while nitrate of soda decreases the 
quantity of sugar in the roots. 

For barley required for malting purposes, sulphate of 
ammonia is a bettor nitrogenous manure than nitrate of 
soda. 

Nitrate of soda increases the albuminoids (flesh-formers) 
in various crops (such as oats, rye, wheat, etc.), and hence 
enhances their value as foods. Sulphate of ammonia, as 
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a general rule, bns a teinleucy to iiicroasc the carbo- 
hydrates (lat-producers) iu plants. 

For potatoes, both nitrate of soda and sulphate of am- 
monia are good manures, especially if the nitrate or sul- 
j)hato is used iu fractionol to])-dressings. It ha.s been 
stated that nUrnics liave a tendency to lessen the per- 
centage of starch in j)otatocs (on whicli depends the meali- 
ness of potatoes); but the (juantity of starch depends on 
“ the conditions of climate, soil, and season, rather than 
on the manure.” 

For beans, peas, clover, and other leguminous crop.s, 
nitrate of soda is a far more valuable manure than 
sul])hate of ammonia. 

Sulphate of ammonia is a good manure for turnip and 
mangel-wurzel crops, especially when mixed with bone.s 
and wood-ashes. 

“ On corn or grass land, l.J cwt. of sulidinto of ammonia 
is generally the quantity recommended as a to|)-drossing 
after early spring growtli has commenced.” 

Both sulphate of ammonia and nitrate of soda arc 
quicker in their action than the various organo-nitro- 
genous manures. They are epucker in action because 
they are more soluble, and easily bccom oplant-foods 
capable of being absorbed by the rootlets of plants. The 
majority of organo-nitrogonous manures have to undergo 
a change (nitrification) bofote they become plant-foods. 

Neither nitrate of soda nor sniphato of ammonia has 
any tendency to exhaust the soil. Upon this point the 
experiments of Drs. Boselor and Milrcker {Zvitschrift clca 
landic. Centralvcreina filr die Provinz Sachsen, 1884, 
p. 4) give a plain answer. 

Sulphate of ammonia is more readily “ fixed ” in most 
soils than is the case with nitrate of soda. Tho ammonia 
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coinimund is easily absorbed by clayey and organic matter 
contained in soils. 

Nitrate of soda, on the other hand, is more readily 
distributed (by rains and moisture) than sulphate of 
ammonia, which becomes “ located ” in the soil. 

Sulphate of ammonia is more suitable than nitrate of 
soda lor autumn and early spring use. 

(3) Ammoxiacal Liquor. 

This liquid can be obtained from gas-works if near to 
the farm. 

As a general rule, animoniacal liquor should be diluted 
with four or live times its bulk of water. 

It has proved a useful liquid manure for grass lauds 
and cereals growing on clayey soils. The liquor can bo 
applied by a water-cart. 

Ammoniacal liquor absorbed by sawdust, peat, etc., and 
then mixed with bone-dust, forms an excellent manure for 
turnip and potato crops when applied in the drills. 

(4) Nitrate of Potash. 

Potassium nitrate, saltpetre, nitre (nitrum [?] of ancient 
writers) is a natural product occurring on the surface of 
the soil in India, Peru, Chili, Spain, Portugal, and other 
hot countries. 

It is prepared, to a certain extent, artificially in Franco, 
Germany, and other ports of Europe. 

England obtains its supply chiefly from the East Indies, 
our annual importations being over 30,000 tons. 

The name nitru7n is of great antiquity, and appears to 
have been conveyed from China to Egypt and Greece ; 
and thence to Italy and other parts of Europe. It is 
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mentioned in Jeremiah ii. 22 and Proverbs xxv. 20, and 
in the writings of the Alexandrian scIjooI of j)hilosoj>ljers. 

Both Theophrastus and Pliny describe the similarity 
of wood-ashes (which contain potash) to nitrum. Yet 
there is plenty of evidence among classic writers to show 
that the uitrum of the ancients was our natrum (nitrate 
of soda) and not our saltpetre (nitrate of potash). 

Pliny, Virgil, and Columella mention the use of nitrum 
as a manure for cabbages, radishes, and fruit-trees. 

Nitrate of potash is produced (like nitrate of soda) by 
the process of nitrification. Wlien pure, it contains 
o3'41 per cent, of nitric acid (equal to 13 8 per cent, of 
nitrogen) and 46‘59 per cent, of potash. 

Commercial nitrate of potash should contain from 12 to 
13 per cent, of nitrogen. 

This manure supplies the land with botli nitrogen and 
jjotash, but it is far too dear to be used to any great 
extent for agricultural purposes. The majority of coun- 
tries require their supplies of nitrate of potash for the 
manufacture of gunpowder, etc., which prevents its use 
as a manure. 

On the authority of Dr. Nessler of Karlsruhe, nitrate of 
potash is a good manure for tobacco. 

For flowers and small plants requiring nitrogen and 
potash, this manure is of no mean value. 

(5) Soot. 

Soot Is a carbonaceous substance containing a small 
percentage of nitrogen. According to a certain analysis, 
a sample of soot contained 4309 per cent. Of organic 
matter, including nitrogen equal to 3’54 per cent, of 
ammonia. As a imle, the nitrogen reckoned as ammonia 
varies from 1 to 5 per cent. 




116 


AXD THEIR USES. 


Soot i'onn:s a j^ood top-drcssia*! for sprinj; wlieat and 
grass land. It is also a good manure for oats, roots, peas, 
asparagus, and other vegetables. 

Tlie usual dressing is from 4U to <>5 bushels per aero. 

* 

In concluding tho chaj>tor, it may bo stated that in the 
majority of cases, nitric acid (t.e., nitrates) is tho most 
advantageous nitrogenous food for farm crops. Accord- 
ing to recent researches, organic nitrogen, and nitrogen as 
ammonia, are both transformed b}' certain microbes (pre- 
sent in soils) into nitric acid. 

M. Mique! estimated that there exists in ono gramme 
(15’4;d grains) of the surlace soil at Montsourls an average 
of 750,000 microbes; while in tho soils of the Rue do 
Rennes and the Rue do Mongo (Paris) there were no less 
than 1,300,(XK) and 2,100,(X>0 respectively. 

From these remarks tho fanner will observe that both 
nitric acid (as nitrates) and ammonia salts are far more 
valuable sources of nitrogen than cither farmyard manure 
or the various animal substances. Farmyard manure 
and other organic nitrogenous manures are either innolublc 
or not readily soluble in water, and therefore cannot 
possibly bo absorbed by the rootlets of plants. 



CHAPTER ^'m. 

AHTIFICIAL MAXUIIES {contimicd}. 

Ix tins chapter will bo found an account of tho principal 
potash manures. 

These manures supply the soil with potash, and, if 
kainit is used, with sulphuric acid as well. 

The ashes of many farm crops contain a largo amount 
of this ingredient. For instance, those of tho potato 
(tubers), bean, mangel-wurzel, and meadow-hay contain 
53'55, 42 48, 4G'G9, and 2P92 per cent, of potash respec- 
tively. 

Every plant requires a certain amount of potash for its 
growth and development. Potash, according to Sachs, 
plays an important part in the “nutrition” of chloro- 
phyll, and its presence is absolutely indispensable to tho 
formation of starch in the green leaves of plants. When 
a ]dant docs not absorb potash, its vitality is greatly 
impaired; and crops gi'owing on soils dvjicicnt in this 
ingredient run the risk of l>ocoming diseased. Sickly 
plants are always more liable than healthy ones to tho 
attacks of vegetable and animal parasites. 

Altliough most soils are bonehtod by small dressings of 
potash manures, yet over-manuring with this substance is 
as bad as under-manuring, or leaving tho soil with an 
insufficiency of this ingredient. Tho author has shown 
that an excess of potash manures has a tendency “ to 
foster the development of parasitic fungi ” (Chemical 
Ketvsy vol. liii. p. 25G) 
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Snmo soils contain from 2 to 3 per cent, of potash, but 
tlio average is about U’2 per cent, of this ingrofliont. 
Certain barren soils contain only 0-01 per cent., although 
this barrenness may bo associated with a want of other 
ingredients besides potash. 

One ton each of peas, wheat, clover-liay, and barley 
removes 21‘5, 11'87, 33‘f!, and 12'32 lbs. of potash respec- 
tively from the land. Tins ingredient must bo replaced, 
in suitable quantities, if the soil is to remain in a fertile 
condition. 

Therefore, it is essential for the farmer to know exactly 
the requirements of the land under cultivation. 

(1) Kainit. 

Certain saline deposits containing potash are mined in 
various parts of Germany, especially in the vicinity of 
Stassfurt and Leopoldshall. 

One of these substances is Kainit, containing about 
24-43 per cent, of potassium sulphate. Kninit also con- 
tains sodium chloride (salt), and the sulphate and chloride 
of magnesium. 

A good quality kainit should contain from 12 to 14 
per cent, of potash. 

Kainit is better mixed with phosphatic and nitrogenous 
manures (see last chapter) than used alone. 

With regard to the question of potash manures for 
cereals, it is a mistake to think that it is less suitable for 
them and other farinaceous plants than for any other 
crop. ... If the soil is at all poor in potash, cereals 
will reward potash manures as well as any crop. It 
must also be remembered that potash will not only effect 
a better nutrition of cereals, but together with a plentiful 
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Rujiplyof nitrogonous mnnure it will counteract a possible 
injtirions conserpience arising from hea\'y manuring with 
phosphoric acid ; namely, tlie premature <lying i.tlio so- 
called ‘burning') of cereals, during a dry and hot season'’ 
(Stutzer). 

In dry seasons kainit increases the j)orocntago of sugar 
in sugar-beets. 

Por pastures 2 cwts. of kainit per aero have proved an 
excellent topdressing when applied in the spring in dry 
weather. On soils derived from limestone or chalk 
rocks, potash salts are best applied in the autumn ; and 
for gra.^s lands in fen <listricl3 the kainit should always 
be mixed with guano. 

Kainit has also proved a good manure for clover, beans, 
peas, potatoes, and mangol-wurzel.s. 

From a large number of experiments made with ccrcnh 
growing in heavy soils, it appears that potash manures 
had very little or no beneficial results. This does not 
prove that cereals do not require potash manures; on the 
contrary, they areof the utmost importance for tl>eso crops 
on all soils deficient in this ingredient. As a general rule, 
heavy soils are rich in potash ; therefore, to add potash 
wlion the soil has an abundance is, to say the least, an 
extravagant procedure. 

Potash salts enter very largely into the various 
“ mixed ” or “ special ” manures made by manure manu- 
facturers. 


(2) CAnXAULITE. 

Kainit is essentially a double sulphate of potash and 
magnesia; carnallito, on the other hand, is a double 
chloride of pota.sh and magnesia. Kainit is a better 
potash manure than carnallite. The latter contains, 
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when j)uro, 38 2 pei- cent, of chlorine, wliich, in some 
cases, lias ]>rnve<l pnsitivel}’ hurtful to plant-life. 

Jamie.son {Chemical Nctca, vol. Hi. p. 287) has shown 
that in certain cases potassium chloride acts as a “ plant- 
poison." 

v3) Vegetable Ashes. 

As a "oneral rule, the ashes of mood contain from 5 to 
15 per cent, of potash. 


t-H Fish Potash Guaxo. 

When the flesh and bones of the cod and Itorring are 
dried, then ground to a powiler and mixed with kainit or 
carnallite, the mixture constitutes what is known in the 
manure market as “ fish potash guano.” 

The host fisli potash guano is made at Jensen’s works 
in the Lofodon Islands of Norway. These manures con- 
tain 15 per cent, of sulphate of potash, 7 per cent, of 
nitrogen reckoned as ammonia, about 10 per cent, of 
magnesia, and from 8 to 20 per cent, of phosphates 
(insoluble). 

Another manure, under the name of “ graxe,” is manu- 
factured by Jenson & Co. “ Graxe ” contains 5^ per cent, 
of nitrogen reckoned as ammonia, 8 per cent, of potash, 
11 per cent, of insoluble phosphates; and is the I'esiduo 
after tlio o.xtraction of the oil from the cod’s liver phis a 
certain percentage of potash salts added during the manu- 
facture of the manure. 

Fish potash guano is recommended in the proportion of 
5 cwts. per acre for cereals, legumes, and root crops. It 
should bo sown broadcast, and then harrowed into the 
soil before sowing the seed. 
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From 2i to 4 cwts. of fish potash guano should be sown 
broadcast in tlie early spring or autumn for gi'ass lajids. 

Fish potash guano is also a good manure for potatoes, 
cabbages, mustard, and hops, in the proportion of 5 to 7 
cwts. per acre. 

“ There are other ‘ fish guanos ’ in the market which do 
not contain j/otanh. They consist of the fish refuse from 
the largo curing factories, reduced to a fine dry meal, and 
in good condition for agricultural purposes.” They con- 
tain about 0 per cent, of nitrogen reckoned as ammonia, 
and from 13 to IG per cent, of phosphoric acid reckoned 
as tricalcium phospliato (insoluble). 

Tlioro is little doubt that fish maimres (either with or 
without the addition of potash salts) are of high agricul- 
tural value. 

The best time to apply potash salts, especially kainit, is 
cither in the autumn or early spring. Potash manures 
(as a general rule) should bo sown broadcast, and then 
ploughed or harrowed into the soil. 

For leguminous lAanta growing in an ordinary' pasture. 
Sir J. B. Lawes recommends tlie use of lime in addition to 
potash. If the land bo “ limed,” a smaller quantity of 
potash should bo used as manure. Lime economizes the 
use of potash, and appears to be, to a certain extent, inter- 
changeable with it.” 



CHAPTER IX. 


AUTIFU'IAL MAXl-HK.S {i'ontiliimi). 

Am<^xg tlio “ artificial ” fertilizers may be ennmovated 
lime, fcypsum, salt, etc., the properties and uses of which 
as manure now claim attention. 

(1) Lime. 

The use of lime as a manure dates (most likely) from 
the time of the Romans, but it was limited to manuring 
fruit-trees. 

Lime is a constituent of all plants ; its function is con- 
nected with the building up of the tissues, and the for- 
mation of cell-walls. It is one of the fnrfrc “primary’ ’* 
constituents found in plants. These twelve constituents 
are: water (hydrogen + oxy’gen), carbon, nitrogen, phos- 
j)horic acid, potash, lime, iron oxide, magnesia, sulphuric 
acid, silica, soda, and chlorine. 

The question may be asked : “ Are all these constituents 
of plants indispensable, or not ? ” Not every one is really 
required for the life of plants. The last two (viz., soda‘ 
and chlorine) are not necessary for the production of the 
majority of farm crops; but the remaining ten consti- 
tuents must be present in all soils, for “ they are abso- 
lutely necessary for the growth of plants.” Among these 
ten vital constituents of plants, Umc plays no mean part. 


* Possibly red clover is benefited by manures containing sorfn. 
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Liino is not only a direct plant-food, but is one of the 
most variously effective of manures, and should tlicreforo 
be studied from main’ points of view. 

(rt) Lime acts upon the various ingredients contained 
in soils. It makes those that are inert, assimilable jdant- 
foods, and destroys the bad cpialities of the ingredients 
that are prejudicial to farm crops. Hence it givc.s 
fertility to boggj', peaty, or organic .soils, by neutralizing 
the injurious organic acids present in such soils. There- 
fore, lime is theantirlote for “ sour” land.s, which produce 
a harsh and coarse herbage of little value as food. 

{h) Lime, by decomposing organic matter, hastens the 
process of nitrification. 

(c) Lime has the power of liberating potash from 

Inaoluhle compounds present in soils. 

(d) Lime improves tho physical nature of tlio soil, and 
has a tendency to promote healthy growth in plants. 

(c) In tho working of clay lands, lime is very valuable. 
Besides converting insoluble compounds into soluble ones, 
it renders such lands more friable, and therefore facili- 
tates ploughing. 

(/) It has also beneficial effects upon sandy soils ot 
a light nature. It renders them less porous, therefore 
better able to resist tho parching action of tho sun’s heat 
during a dry hot summer. Lime also helps to retain 
moisture in light sandy soils. 

(g) The judicioun admi.xture of lime to most soils is of 
tho utmost importance in any system of husbamlr}’. 

(//) Lime has proved an excellent “ specific ” for tho 
turnip disease (“ finger-and-toe ”), especially for those 
crops growing on non-calcareous soils. 

There arc “ two kinds of lime ” at tho farmer’s disposal, 
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quicklime nnd carbonate of Umo. As a general rule, on 
heavy soils and tliose rich in organic matter, quicklime 
should be used. For light soils and those poor in organic 
matter, carbonate of lime should form the dressing. 

Both kinds of lime should be harrowed into the land. 

“ The best and most economical method of treating 
quicklime is to take a water-cart round, and water the 
lime heaps as soon as they have been placed upon the 
land. After this slaking, the heaps should be protected 
from the air by a covering of earth, and left covered 
until they are spread over the land." 

The quantity of lime to apply is from 1 to 2 tons per 
acre every six or eight yeai'S. The apjdication should be 
matlo some time before that of other manures. 

Lime should never be mixed with sulphate of ammonia, 
or similar compounds of ammonia. 

Wheat, barley (especially for malting"), grasses, turnips, 
beans, peas, clover, potatoes, and vetches, are all bene- 
fited by dressings of lime. 

The autumn and early winter are the most favourable 
times of the year for manuring the land with lime. 

(2) Gas-limk. 

Lime is used in the purification of coal-gas. The resi- 
due after the purification is known ns gas-lime. It is 
essentially a mixture of calcium hydrate (slaked lime) 
and calcium carbonate, together with sulphite and sul- 
phide of lime. The two latter compounds alone are 
poisonous to plant-life ; but they are both converted into 
gypsum or sulphate of lime (a plant-food) by exposing the 
gas-lime to the action of the atmosphere. 

Gas-lime is best applied in the autumn, at the rate of 
2 to 5 tons per acre. This manure has much less agricul- 
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tnral valuo than either quicklime or carbonate of lime 
(chalk or liinestone i. 


ill; GVI’SUXI. 

Gyjjsum, sulphate of lime, or plaster of Paris, contains 
in its hydrated state 32'56 ])er cent, of lime, 4()’51 per 
cent, of sulphuric acid, and 20‘93 per cent, of water. 

Gypsum is largely used as a manure for the soils of 
America, Franco, and Germany. It is also \ised to a 
limited c.xteut in this country as an ingredient in certain 
“ mixed ” or “ special ” maimres. It is also an ingredient 
in ordinaiy superphosphate of lime. 

Mu.stard, turnip, grass, clover, and [lotato crops are 
benefited by dressings of gypsum, if the soil is poor in 
limo and sulphates. 

Gypsum is a direct and indirect plant-food. (r») It aids 
in the formation of tho albuininoMs contained in plants. 
(/>) It absorb.s and “fixes” ammonia in tlie land. (r) It 
liberates potash from certain iubolnblc compounds of tho 
soil. 

(4) SoDiusi CiiLoniDE OR Salt. 

Like lime, salt has been used as a manure from very 
ancient times. 

Tho action of salt upon plant-life is little understood. 

Tliero is little doubt that it acts clicmically and 
mechanically upon the land, producing various changes 
tiiorciu, wiiich are beneficial to farm crops. 

Salt destroys weeds, noxious insects, snails, and slugs. 
It retains moisture in diy sandy soils. It chocks an 
abnormal growth of straw, which it strengthons ; conse- 
quently the crop is better able to resist tho attacks of 
parasitic fungi. 
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Salt hastens the decomposition of organic matter, at 
the same time “fixing'’ the ammonia bj’ converting it 
into ammonium chloride. 

We may rour/hhj represent the decomposition, etc., of 
organic matter and salt by the following diagram : — 


Orgauic matter + 


Sodium cblorido 
[salt] 


Organic acids Ammonia 

I 

Sodium salts 
of organic acids. 



Sodium 



Chlorine 


Ammonium 

chloride. 


On grass lands salt is better used as a compost with 
organic matter. In this form (a compost) it should bo 
applied at the rate of 4 or 5 cwts. per acre. 

Swedes, cabbages, mangel-wurzols, and wheat crops are 
all benefited when the laud is occasionally dressed with 
salt. 

Salt eradicates “ couch ” on lands infested therewith ; 
and it is useful for mixing with dung, peat, vegetable 
matters, guano, nitrate of soda, and other manures. These 
mixtures will be alluded to in Chapter XI. 


(5) Sodium Sulphate. 

Sodium sulphate, Glauber’s salts, or salt^'cake, is a 
manure generally used for cereal and leguminous crops. 
It is much used as a constituent in “ special ” manures 
for clover, corn, bean, and potato crops growing upon 
light soils. 

It should be applied at the rate of 1^ to 2 cwts. per acre. 
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Sodium sulphate is easily mixed with nitrato of soda, 
))hosj)hates, and other manures. It. supplies sulphur 
the form of sulphuric acid) to the land. 

((j) Magnesium Sulphate. 

Magnesium sulphate, Ep.som salts, or sulphate of mag- 
nesia, is used as an ingredient in certain “ special ” 
manures. 

It forms an excellent top-dressing for all soils growing 
sugar-canes. 

Lawos and CTilbert have used magnesium sulphate in 
their “ mixed ” manures for oats with great success. 

It is also a good manure for clover au<l potatoes as well 
as corn crops. 

Jf a soil, on analysis, shows (J'l per cent, or le.ss of 
magnesia, there is every reason to believe that a dressing 
of magnesium sulphate would prove bencticial. 

If lime (as already stated) aids in the formation of 
plant-tissues, etc., magnesia, like potash, assists in form- 
ing starch. The presence of magne.sia in soils is necessary 
for the conservation of their fertility. 
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ARTIFICIAL MAXURKS {roufiniU(l). 

Tejk nxithnr, in his choinicAl, agricultural, and micros- 
coj)ic studies of jdaut-lifo, having discovered that salts 
of iron {hi small quantifies) play an important part in 
tho healthy development and growth of i)lants, devotes 
this chapter to a sliort account of the use of iron sul- 
phate as a manure and its value on certain soils. Fuller 
details of liis researches on this subject will be found in 
his “ Troatiso on Manures.*’ 

(1) Inox SULl'IIATE. 

Iron sulphate, green vitriol, or ferrous sulphate (FeSOj\ 
i.s a crystallized substance of a grass-green colour. It is 
manutactured in thousands of tons every year, and is 
largely used in various manufacturing industries. 

Iron sulphate, liko nitrate of soda and ammonium 
sulphate, is soluble in water, and when used as a manure 
should be ajjpliod (as a general rule) as a top-dressing. 
“The first experiments to test the value of iron were 
made in 184G, by Prince Salm-Hortsmar, upon oats, these 
experiments proving that it was indispensable to tho 
healthy growth of this plant, without it the leaves being 
pale, sickly, and almost colourless, and the stem and 
head thin and poor. ■ From this date various scientific 
cultivators recognised the value of iron in promoting the 
healthy growth of plants. Knop, in 1859, experimenting 
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upon liqui<l.s the most fiwourablo to jilrmt growth ro- 
cogni.sod tlie necessit}’ of nchJing phnspliatc of iron, or of 
sprinkling the roots of ])lauts njion whiclj he opfratC‘<l, 
with this salt, and from Ids exporiincnts rlrew the con- 
clusion that these four bases — lime, jiotash, magnesia, 
and iron oxide— were indispensable to plants. 

‘“In Dr. Sachs, in his work on the part which 

mineral substances play in the growth of plants, saj’s : — 
‘Iron is indispensable to the development of the green 
matter (chlorophyll) iu leaves.’ Plants grown in solu- 
tion.s deprived of iron are colourless.”' We need not 
liere remind farmers of the important j)art played by 
rhlorophijU in the ]»hysiology of all the higher plants, 
as detail.H have already been given on this subject. 

Many of the older experiments with iron svdphate as a 
manure, performed iu Franco and in this country, jiroved 
failures, the reason being that the oxperimentei's used 
an cj'CA'ss of the .salt. A small quantity’ of iron sulphate 
(fj'oin to 1 cwt. per acre) is most benelic.ial, a largo 
quantity is ijijurious. Although jnost of tho soils of this 
country contain a certain amount of iron, it is not always 
iti the most suitable form lor root-absorption — and it may 
be that many farm crops (whiclt only live a low months) 
sulfer from a want of “this life-giving .substance.” Tho 
weak acids secreted by the rootlets are most likely in- 
Kulficiont to obtain tho requisite amount of iron from 
tho soil for a healthy growth. Many soils, too, do not 
contain a sufficient suppl}' of iron conjpouiuls for the 
proper growth of tho crops under cultivation (seo later 
in this chapter). If cultivated lands are not provided 
witli pho8phatc.s, nitrogen, iron, and other substances 

* 8, T. Oriflitlw, The I'citncorth Ueruhl, August lltb, lB8y, 

K 


1:10 }f.\XUUES JXD THEIR USE.^. 


necessary for plant-life, can fanners wonder that their 
crops are failures or become diseased ? The composition 
of tlie soil and the exact requirements of each crop 
cultivated must bo known before tlie farmer can work 
with the least expenditure of money, and with tlie greatest 
success. 


(a) IfO)i Sulphatr for Mtndow IIoij. 

In 188(> the autlior grow meadow hay with and witliout 
toj)-dressings of iron sulphate. 

“Two plots of laml (of similar chemical and mechanical 
composition) were chosen of the same size (an acre each). 
Each j)lot was exposed to the same atmospheric influences. 
Both were manured, first of all, with farmyanl mainiro 
(the same quantity on each plot). Ui>ou each plot of land 
K) lbs. of ordinary grass seeds were sown per acre. After 
the glass had made its a))pearanco above ground, i cwt. 
of iron sulphate was used on one of the ]>lots as a top- 
cbossing. The other j)lot did not receive any iron sulphate 
or other artificial manure.” 

At the harvest, the aero of land manured u'ith iron 
sulphate yielded 3 tons 2 cwte. of hay, and the land not 
toi)-dressod with iron sulphate gave only tons of hay. 
The hay from the “manured” plot was of far better 
quality than that from the unmanured plot. 

During the years 1887 and 1888, important experiments 
wore made in Franco by M. Marguorite-Dolaoharlonny 
and others ^ on tho use of iron sulphate for grass (pro- 
ducing meadow hay) growing on soils of various composi- 
tions. 


* Tlifl resultR wore published in the Jonmal de rdj/rtcufturtf (Paris) 
for Noveinbor 17lh, 1888, pp. 787-700. 
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Tho compositions of the French soils were ns follows — 



No. I. 

1 

No. II. 

n«k in. 

No. IV. 

No. V. 

Iron oxitU' ♦ . . . ^ 

' 2-U2;) i 

25:41 

i ;540 ' 

.1-57:4 

4 321 

IMio^pljoric nci<l . • i 

1 oils 1 

0 142 

o-o;i;4 

0-inii 

0 liiH 

Potasli 

0 172 ; 

0 172 

1 0-071 

0-102 

0-1.52 

Liuie 

i(i2n 

2 2r.;{ 

1 0-s3(5 1 

1-125 

2-37;J 

>{a^nc8ia .... 

0 040 

i 0 0:50 

: 0-020 1 

0 000 

0-04.5 

Sofia 

0015 

1 OOSO 

1 n-o.-ji 

0 021 

0 012 

Nitrogen .... 

o:45 1 

0-2S0 

1 0-101 

1 

i 

I 0-:4H2 

o:45i 


Tlic above figures rcj)resent perccjitaj;es ot tho ingre- 
dients mentioned. 

In 1887, these .soils gave, tvith and nithonf iron 
sulphate, the following results per hectare acres):— 



YicM of liaj 
wtcMii/rotvri 

1 Iron Hulfihato. 

Yiolft of Hft.v 

1 \Tbcn 
( tril K 

lf(>ri btilpbab*. 

Quftiitlty of 
Imu Sulpbalo 
|>cr 

1 DIfTcrcnct'. 

'I'li.U. 

1 Totul. j 

IVf cotit. 

No. I. 

KiloirraniK * ^ 
2.000 1 

Kil<»'i^rnni*4. 

4.7rtS 

05 

2.7KS , 

i:r.)-4 

.. II. 

; l,s:w 

W2 

.150 

1,:5I1 

71-5 

.. Ilf. 

! l,Ho:5 


200 

1.001 

57-H 

„ IV. 

4.:UG 

•ixm 

2i)0 

257 ' 

> 

5-'J 

.. V. 

3,014 

3.:>ua 

125 

1 

1 

1 1 



Similar results were obtained during tho season of 


1888. 

These French experiments prove — 

(1) That iron sulphate is a most important manure for 
grass lands, greatly increasing tho yield. 

(2) If the soil (on analysis) contains already 4 por cent, 
or more of iron oxide, tho farmer need not add tho iron 
manure; for then tho soil has a sufBciont supjily for the 
growing crop. 


' I boclare-'2-47 acres. 1 kil(*«ram = 2-2 lU. (Avoir). 
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(3) All soils containing loss than 4 per cent, ol' iron 
oxide are benefited by dressings of iron snljihatc. 

(4) With a soil (No. I.) containing 2‘n21) per cent, of 
iron oxide anti dressed ^vitll Of) kilogrammes of iron 
sulphate per hectare, the j>roJit (net) on an increase of 
2,7S8 kilogrammes of hay was 191 francs 10 centimes 
(/.c., over £7 1 . 

Tlie author has shown {Journal Chenucal Society^ 
188(i, p. 1141 that iron sulphate destroys mnas infesting 
jiasture lands. His experiments have since been con- 
lirmed by tho.so of Hlessrs. Macipieen, Edgson, and others 
in this country, and Messrs. Dclacharloimy, Lainbin, 
Neron, and otliers in Franco. 

M. Dclacharloimy saj's in the Journal ilc VAyriculfure 
(Oct. 27t]i, 1888): “ Lo sulfate do i'er ajipliiiue judi- 
ciousement detruit comjilotemont la inomsso des prairies 
ct tlonno a riiorbo, apri'S Tavoir debarrassce do son jiara- 
sito, uu <U^'clopppment romarquable.'’ Then again, in 

the same journal, ho quotes from a letter of “^I. P , 

jugo an tribunal do la Seine, proprietaire si ^lontalivet, 
l)ar la Ferte-Gauchcr (Soine-et-Marne),” those words : 
“L’emploi du sulfate do for dans les conditions quo vous 
in’avcz indiqiu'esa produit sur nne prairie rcffotquo vous 
annoncicz. Les mousses ont ete detruites. Je crois pou- 
voir afTirmor quo lo sulfate do for employ^ avoc prudence 
j)cut otro ajqiele d rendra de I'tV/s services jtour la de- 
struction des mousses et la ri'yc^ncration des prairies." 

(b) Iron Sulphate for Bean Crops. 

During the years 1883, 1884, and 1886, the author 
grew beau crops with and without iron sulphate manure. 

The soil used in these experiments was a clayey loam 
containing S't) per cent, of iron oxide. 
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The followiii" results wore obtained at the harvest in 
each case : — 



Isvi Cmp*. 

1 

t 



Gr*wn 

irOh 

Imn 

Kulphato. ^ 

Grown 

triihoni 

«Snlpbiito. ' 

1 

Grown 
' tr 1 ^ h 

Ir»»n 

' SnIpUnto 

1 

(Jrown 

Iron 

SnlphnU'. 

Grow n 
irilh 
Iron 

Sulpitato. , 

li n 
iriffc 'ut 

Sulphntc, 

Total weif'ht of 
crops whon dry 
+ straw) 
per aero . . • 

Hh. 

1.4«7 ^ 

1 

1 

til*. 

0.325 ; 

u.« 

M05 


i,72i; 

Yielfl of urain in i 
buslieU (dry) . 

oi> j 

li 

28 

t 

:io 


“On the averaj'c of throe years’ crops tlioro is again 
of 19 busliols of beans per acre by using iron sulphate as 
a manure,” at the rate of ^ cwt. per aero. 

Not only was the yield increased (where iron sulphate 
was used), but the quality of the grain and straw was 
likewise enhanced. 

(c) lion SuljAiaU’ /or Suf/ai'-bectn. 

During the year 1887 an extensive series of ex])ori- 
ments were made at certain well-known agricultural 
stations in Franco on the growth of beetroots by using 
iron sulphate as a manure.' 

One of these scries was conducted by Professor A. 
Mdntz (ITustitut National Agronomique, Paris) on La 
Fonne Nationale de Vincennes. The soil contained 3'4 
j) 0 r cent, of iron oxide. A second series of experiments 
was performed by M. Porion (the confri^re of M. Deh6- 

« Published io La Sucrerie Indojcne et Coloniale, vol. xxxi. [IBBS), 
pp. 571-57G. 
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rain) at Wanlracqnes (Xorci). The Wardrccques soil is 
a calcareous clay containing; d-7 ]>er cent, of iron oxido. 

A third scries was [)Orfonned at Chailvot (Aisne) by JI. 
Delacharlnmn-, who found that the soil contained 14 per 
cent, of iron o.vide, 

A fourth scries was performed at Bellevue by l*aul 
tienaj*. 

The conclusions drawn from these experiments arc the 
followinj; : — 

(1) Iron suljihate is a <;ood manure for beetroots. 
‘‘ The im-n asr in the cro])s varied from 5 to 30 per cent., 
according to circumstances.” 

t2) “ G5 kilogrammes per liectaro is a convenient 
<|uantity if used in solution f/.c., dissolved in water), but 
rather too small if used in the powdered condition. The 
quantity applied should vary according to the nature of 
the soil.” 

(3) “The quantity of beetroots is greatly improved by 
the use of iron sulphate. The sugar increases as the 
weight of the crop increases, and the greatest weight is 
obtained by using iron sulphate.” 


(d) Iron Snli>hafe for Turnip Crops. 

During the year 1884 the author grow turnip crops 
with and without iron sulphate. The plot of land 
manured with ^-cwt. of iron sulphate per acre yielded 
10| tons, while the plot of land in its normal state gave 
only 13 tons of turnip roots per acre. Both plots of land 
were pi oviously manured with the same quantity of dung, 
and the composition of the two soils was almost iden- 
tical. It is evident that iron sulphate is a good manure 
for turnips. 
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(e) Iron tSiiljthafr for .}fn)im l-tnn-z< h. 

In IfiSfi the author grow mangGl-wurzols (“ Orange 
Globe*’ vnrietv) with ami without dressings ol iron 
sulpliate. 

Two ])lots of land (each an acrci were chosen for tlio 
experiments. Each plot received a dressing of 10 tons of 
good farmyard manure in tlie winter. “ In the spring 
(April, I88b) tlic following inixturo was applied broa'lcast 
on rarli plot of land : 1 cwt. of Icainit, 1 rwt. of nitrate of 
soda, 4 cwts. of sujierphosphate of liiuc, an<l 2 cwts. of 
common salt.” 

On eacli plot 5 lbs. of .seeds were sown by hand-dibbling, 
“ and when tho young plants were ready, they wore 
‘singled,’ tlio distance between plant and jdant being 
about 12 inches. A inmitli after ‘singling,’ a top-dressing 
of 1 cwt. of nitrate of soda and i-ewt. of iron sulphate 
was ajiplicd to plot A, whilst 1 cwt. of nitrate of soda only 
was used on plot B.” At the liarvest in October, plot A 
yielded 32 tons of roots, and plot B only 2t> tons. 

The quality of the produce from plot A was inucli 
superior to that of plot B. Therefore, on some soils, iion 
sulphate is a good manure for mangcl-wurzels. 

(f) Iron Sill jthalc for Potatoes. 

During tho years 1885 and 188(; potato crops were 
grown with and without dressings of iron sulphate. 

Thitte plots of well-drained laud wore chosen for tho 
experiments. Each plot was an aero in extent, and tho 
soil of good quality. Plot A was not treated with any 
manure. Plot B was dre.ssed with a mixture consisting of 
1 cwt. of kainit, 1 cwt. of nitrate of soda, i-ewt. of iron 
sulphate, and 2 cwts, of superidiosphato ol lime. Plot C 
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was manured with tlio above mixture minus the ^-cwt. 
of iron sulphate. 

At the harvest, plot A yielded 3 tons of tubers, plot B 
yielded 8^- tons, and ]»lot C j^avo Gi tons of tubers. 

It is evident tliat iron sulphate is a valuable manure 
for potato crops, "reatly increasing tho yield. Its action 
is apparently of an indirect as well as a direct nature. 
In 1H8G experiments were undertaken to ascertain the 
comparative maniirial values of iron sulphate and kainit 
for potatoes. 

Two plots of laud (each an acre) were manured with 
lo tons of farmyani manure, in tho autumn, and upon 
each plot was sown G cwts. of potato tubers.” When tho 
plants wore fairly above ground, plot A received a top- 
dre.ssing of I-cwt. of iron sulphate, and plot B 2 cwts. of 
kainit (containing IG : potashb At tho harvest, plot A 
yielded 9 tons ot tubers, and plot B only (» tons. 

Therefore iron sulphate is a valuable addition to the 
list of fertilizers for “potato-soils.” 

Tho above results, which were originally published in 
tlie JoHJVjrt/ of the Chemical Society, have been confirmed 
by Messrs. Barlow, Brinkworth & Sons, Wright, and 

Dr. Munro in this country (see tho author’s “Treatise on 
Manures ”). 

During the year 1887, M. Delacharlonny (Journal de 
V Agriculture, Nov. 17th, 1888, pp. 788-789) conducted n 
series of interesting experiments with iron sulphate in 
coiiiunction with other fertilizers on potato crops. The 
soil of Urael (Aisne) contains 1*825 per cent, of iron oxide, 
U-083 per cent, of phosphoric acid, 0*308 of potash, 0 35 of 
liine, and 0*123 per cent, of nitrogen. 

Tho land was divided into 10 plots. ' Tho manures used, 

and the yield per hectare (2*47 acres) are given in the 
following table ; — 



DELACHAItLOKNY’S POTATO CROPS. 
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‘ 01(1 |>lastcr consists of the carbonate ami sulphate of lime. 
1 kilogram. -2 2 lbs. (Avoir.). 
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The soil used in tliese experiments was i)oor in iren 
oxide and lituc. The above results show that the 
mannrial value of iron sulphate is "reatly increased by 
tlic addition of calcareous compounds to the land, if it is 
poor in lime. In any case there is a decided profit by 
using a dressing of iron sulphate for potato crops. 

In 1888 Mr. J. J. Barlow, Oak l^ane Farm, Wliitefield, 
i^Ianchester, grew (.for a second season) jiotato crops with 
and withojjt iron sulphate. 

The soil was a widl-drained, light, sandy loam, with a 
trace of peat. A field of 8 acres was manured with a 
mixture of farmyard manure and “ night-soil.” Tlio field 
was then plante<l with “champion” potatoes, in drills 27 
inches wide. When the plants were about H inches above 
ground, two adjacent plots (i-acro each) were measured 
off, each containing eight drills or furrows. 

Plot A received a top-dressing of iron sulphate, pre- 
viously mi.xed with its own weight of dry sand (to obtain 
a more even distribution) and sown broadcast on two drills 
at a time, at the rate of ^-cwt. per acre. B was left normal. 
At the harvest the following results were obtained 



Tons 
l»or Here. 

(1 Innds: 

Ibd.)* 

Price obtained per acre. 

1 

Plot A, mnmired 1 

4-90 


C $, il. 

15 4 0 (larji^c table potatoes) 

with iron sulphate > 

ISG 

ri 

13 8 (small “chat'’ potatoes) 

Total .... 

(j-7G 


IG 7 9 

Plot B. not manured ) 

.^•73 

33 

11 11 0 (large tahlo potatoes) 

witli iron sulphate ) 

1-21) 

11} 1 

1 14 6 (small “chat ’’potatoes) 

Total .... 

."j-02 

1 44} 

13 5 n 

Increase in woiRht ) 
aud value per aero | : 

0'74 

1 

3 2 3 
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Tho potatoes grown with iron sulphate were “ veiy 
clean and sound, and of splendid flavour.” 

(gi Iron Suljthotr for Lftcernr. 

L\iccrno belongs to \\i(^ Lrffumi>ioso.\ 

or the same or<ler of which clover, beaus, peas, and 
vetfhe.s are important members. 

In 1B88, M. Delacharloiiny (Journal de V Agrirnlturr^ 
Nov. 17th, 18K8, p. 788» grow crops of lucerne with and 
witliout dressing.s of iron sulphate. Tho soil on whic-h 
the exj)orinients were made contained : — 

Iron oxide .... i ;WO per cent. 

Plio.sphoric acid . . • O'iH'O ,, 

Putnsb ..... U'itat) ,, 

Lime ..... O’OHO ,, 

Sulphuric acid . . 0-llC 

Nitrogen .... 0’112 „ 

Magnesia .... 0 -lso ,, 

At. tho harvest, tho crop grown n)lh iron sulpliato 
yielded 2,032 kilogrammes, while tlio otlior crop yielded 
only 2,344 kilogrammes per hectare, showing an increase 
of 588 kilogrammes (or an increase of 25 per cent.) by 
using iron sulphate. 

Although the soil contained over 4 per cent, of iron 
oxide, tho produce was greater from tho j)lot manured 
with iron sulphate. M. Delacharloiiny, however, remarks 
in his paper (loc.c.it.), “ this soil was not completely homo- 
geneous.” 

Lucerne is highly esteemed in France, and on tho Con- 
tinent generally, as a forage plant. It is extensively 
grown in tho west and south of France, and is bettor 
adapted for warmer climates than Great Britain. It 
grows well iii tho south of England in dry, deep soils. 
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(h) Iron Sulphate versus Parasitic Diseases. 

Several autliors have written upon the value of iron 
sulphate as an agent for destroying the inicroscojiic 
fungi which are instrumental in producing certain 
diseases of farm and garden crops. 

The fungi wliich infest farm crops are, as a rule, all 
built uj)on the same plan; viz., they arc made up of proto- 
plasm (“ the basis of life '*) and hyplial filaments, which 
contain an c.xtorual wall of a peculiar kind of cellulose 
( micro-parasitic cellulose ”) differing from the celhiloso 
of the higher plants. This micro-parasitic cellulose is 
chemically acted upon by iron sulphate, but not the cellu- 
lose of farm crops, hence the reason that the fungoid 
growths are destroyed by this reagent. 

The author has proved tlmt iron sulphate destroys 
Peroiwspora infeatans (the potato disease fungus), the 
wheat mildew and its spores in both stages of their life-' 
history {Chemical News, vol. liii. p. 255 ; Journal Chemi- 
cal Societi/, 1886, p. 119), and the fungus which causes 

tubercular swellings upon the roots of Vicia faha (field 
bean).* 

There is also a fungus which produces nodular out- 
growths upon the roots of the cucumber (CHCi/mis soin'a). 
Tim author made a complete study of the life-history of 
this fungus, which he subsequently called Ustilago ci/cu- 

Proceedings Royal Society, Edinburgh, vol. xv. 
p. 403). 

This cucumber-root fungus belongs to the Ustilaginece, 
and like the “smuts,” which are members of the same 
order, consists of celluloid hyphal filaments containing 


ChanUal Ntw$^ vol. Ivi. p. 84. 


I 
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protoplasm. 11 illustrates a microscopical soctioji of 

a cucumber root infested with this iungus. Tho hypha* 
pass, cell by coll, through the cortex of the rootlet. The 
fungus obtains its nourishment from the protoplasm of 



Flo. 11 , — Tiianstkiisb Section or a yoono IIootlet and 
BMALL Nodclb (x 713 (llomotora). 

the colls of its host, thereby destroying or greatly impair- 
ing its vitality. 

Tho spores of UsiiUigo cucumh^ which are extremely 
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small, aro found in tlio soils (where cucumbers have 
grown) “in the autumn and early winter, having been 
liberated by the rotting of the root-nodules. These 
spores retain their vitality for months, and are capable of 
attacking the new seedlings planted in such soils. The 
spores aro easily disseminated by such agencies as air, 
soils, and streams.’’ 

The cucumber-root fuugus is completely destroj'ed by 
iion sulphate. 

Iron sulphate also destroys Claviccpa purpurea, the 
orgoiof rye and other cereals, as well as of mature grasses. 

Farmers should take the j)recaution to cut grass when 
in the bloom, rather than in the seeding state ; it will 
then be impossible for ergot to ajjpear. 

Not a few cases have occurred, especially in Ireland 
and the States of America, “ where hay was found to 
contain an eighth of its weight of ergot.” This fodder 
caused abortion and ergotism ‘ in cows. As a general 
rule, “ ergot does not cause abortion, except the fmtus 
has reached a considerable size in the uterus.” 

From those remarks it is evident that iron sulphate, 
dissolved in water, forms an excellent “ steep ” for de- 
stroying the germs of diseases found at certain times on 
seeds. 

Tn|)-drcssing the land with iron sulphate is also a 
means of destroying fungoid germs which may bo pre- 
sent in any cultivated soil. 

For further details on the antiseptic properties of iron 
sulphate, the author refei-s his readers to his “ Treatise 
on Manures.” 


> Producing n kind of mortificatiou called “ dry gangrene." 
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(i) Which is the Active Ingredient in Iron Suljdiote ? 

Iron sulphate is composed of iron, sulpluir, and oxygen. 
The active inanurial ingredient in this comjjound has 
been given by some to tlio iron, and by otliers to 
sulphur. 

Wo believe that both ingredients are important plant- 
foods, and that iron sulphate is one of the, it not the, 
most important sulphate used in scientilic agriculture. 
Professor A. Muntz (L’lnstitut National Agronomique, 
Paris)' says: “With any .sulphate- there is an increase of 
13 54 per cent, (in the growth of crop.s>, but with iron 
.sulphate the iucroaso is 3() ‘2 per cent.” M. Miintz also 
obtained an increase of 0'(J per cent, of chlorophyll in 
those crops grown with iron sulphate. 

The analysis of the ashes of the author’s crops gave the 
following percentages of iron oxide, phosphoric acid, 
potash, and sulphuric acid respectively in tho,so crops 
grown with and without iron sulphate: — 


* J.a Surrerie et vol. xxxi. p. 572. 

* Aminoniuni sulptiuto is uot included. 
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It will bo iiotiw'fl from the obove results, (1) that an 
increase of inni oxiclo in tho aslios coincbic.s with an 
increase in the yield of those crops grown with iron 
sulphate. (2; As the iron oxide increases, phosphoric 
acid also increases, showing that iron suljihate is an in- 
direct as well as a direct plant-food.' (H; In tho ashes 
of the crops gro\^^l irith iron sulphate, the percentages of 
j)otash ami sulphuric acid a rule) decrease as the iron 
oxide increases. 

Judging from tlieso data, if reliable, the /ron, as an 
ingredient in iron sulphate, is certainly a idant-food, 
and is therefore an important element in tho growtli 
and development of farm crops. 

(,j) of Iron Sufjdmfc on J*lnnts. 

(1) Iron Huli)hato “increases tho percentage of soluble 
carbolij-dratcs and albuminoids in various crops, and thus 
enhances their value as feeding stuffs.” (2) “ Tho sul- 
j)hur of iron sulphate most likely acts as a food for tho 
protoplasm of vegetable cells, and tho iron for tho chlo- 
rophyll.” (3) Iron sulphate possibly aids tho absorption 
of phosphoric acid and nitrogen. Therefore it is an /«- 
direct as well os a direct plant-food. (4) It destroys 
parasitic fungoid diseases in farm and garden croi>s. 

(k) Action of Iron Sulphate on Soils, 

(1) Iron, sulphate retains ammonia and phosphoric acid 
in soils. (2) Most likely iron sulphate hastens the de- 
composition of organic matter. That is, it acts chemi- 
cally upon tho inert constituents of tho soil, convert- 

» Those reaulta Imvo boon coatiriucd by MM. Miintz, I’orion, uml 
Deluchurlonuy, m Frauco. 


L 
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in*; thorn into soluble plant-foods. (3) If a soil con- 
tains from 5 to li por cent, or more of iron oxide (Fes 03 ), 
iron sulpliatc (as far as the iron is concerned) appears to 
have little or no beneficial action. In such cases, which 
are rare, the soil has already an abundance of iron. The 
fanner must know the composition of his soils before 
he can manure them witli economy. (4) Iron sulphate 
dcstroy.s mo.ss in pasture lands. 

(ll Apjilieotion of Iron Svlpliofc to the iMnd. 

(1) Iron sulphate may bo sown broadcast by hand, as a 
top-dressin;;, when the crops are a few inches above 
pround ; or mixed with 2 to 10 times its \veight ot sand 
or soil and distributed by hand, or by the manure distri- 
butor (Fig. 9 ; see Chapter VI.). Iron sulphate may also 
bo used in solution and distributed by means of a water- 
cart. (2) “ It is essential for the farmer to bear in mind 
that from ^-cwt. to 1 cwt. of iron sulphate por acre are 
the only proportions which give good results with his 
crops.” (3) Iron sulphate must always bo used on wet 
ground. 

The selling price of commercial iron sulphate is from 
to 50s. per ton; and it can easily be obtained from 
any wholesale druggist or manufacturer of the article, 
in either large or small quantities. 



CHAPTER XI. 


SPECIAL MANURES. 

Special manures are mechanical mixtures of various 
plant-foods. When carefully compounded, they give to 
the soil tbo various ingredients required for each crop 
grown, — and as a general rule special manures are made 
to suit oil or most soils. 

The manuro manufacturer, having to consider the re- 
quirements of various crops and soils of a most heteroge- 
neous nature, compounds his special manures with ingre- 
dients not required lor certain soils and crops. Those 
ingredients have to he paid for by the agriculturist, 
who thereby purchases materials not required for his 
particular land. 

Surely this is not an economical way of adding manures 
to cultivated soils. The coming farmer should compound 
his own “ special ” or “ mixed ” manures. Special manures 
are now%old under such names as “Cereal Manure,” 
“ Mangel Manure,” “ Corn and Grass Manure,” etc.; and 
most manufacturers have their own formula or recipes 
for preparing these manures. 

Lawes’ special manures contain the following ingre- 
dients (percentage) amongst others: — 



8a1ubYe 

PhoiipbAtcA. 

lonolnlilo 

PboepbAtOA. 

8olu1ilo nn<l 
ItiMiltihIo 
PhonpYtAlofi. 

Ammoriin. 

•• Potato Manure ” 



20 lo2 i 

.3 to 4 

“ Turnip Manure " . ' 

22 to 2i 

0 to H 

28 to 32 

1 to It 

“ OrauB Manure ” . .' 

20 to 24 

8 to 12 

28 to 30 

U 

“ Mangel Mannrc ” . 


— 

20 to 2:4 

3 to 4 

“ Cereal Manure . . 


— 

20 to 2.3 

8 to 4 

•• Com and Grass 
Maniirc”. . . • 

12 to 1C 



7 to 8 


U7 
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The last-named manure is “ specially prejiared for top- 
dressing in the spring, and is beneficial upon crops that 
have snlfered from the frost.’’ For wheat it should bo 
applied at the rate of 2 to 2-2- cwts. per acre. “ For 
barley, 1| to 2 cwts. per acre, and harrowed in just when 
the blade appcai-s above ground.” 

Messrs. Ohlendorff prepare a series of special 
manures suitable for sugar-cane growing in the soils of 
the West Indian Islands. Amongst these “ specials” are 
the following : — 

(,1) “ Sjxcial Cane Manure ” {Ohh n<Ior(}’'>i). 

Nitrogcn= 0 poi cent, of nminoiiia 
18 per cent, of soluble 
4 per cent, of assimilable 
7 per cent, of sulphate of potash. 

(2) “ Early Cane Manure ” {Ohlendorff's). 

f Nitrogens 5 per cent, of ammonia. 

) *20 per cent, of soluble and assimilable phosphates. 

C 13 per cent, of sulphate of potash. 

Most “cane soils” are benefited by top-dressings of 
magnesium sulphate in addition to nitrogen, potash, and 
phosphates. 

(a) Special Manures for Clovers and Allied Crops. 

Phosphoric acid and potash are the most important 
ingredients of “ clover manures.” All these crops are 
gross nitrogen feeders, but they have the power of gather- 
ing up nitrogen from the soil more than any other crop. 

A good special manure for clovers is prepared by mix- 
ing from — 

230 to 280 lbs. of superphosphate (20 per cent.), 

140 to ICO lbs. of kaiuit (24 per cent.), 


jphosphalcs 
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togetlier. I.ater in the season, a top-dressin" of 1G8 lbs. 
of nitrate of soda, in three inslalmeiits of bU lbs. each, 
should be applied. 


(b) Sprvtal Manures for Cmal Crops. 


The.se crops arc benefited by manuring the land with 
soluble and insoluble phosphates, nitrofji n, and potash. 
“ It is a great mistake to suppose that in most cases an 
c.\-clusivo manuring with phosphoric acid (su[)erpho.s- 
phate.s) is the proper thing for cereals.*’ We have 
already given certain special manures for wlieat and 
similar crojis (see Chapter \ II.). 

M. Villo recommends the following special manure for 
wheat, without tho addition of farmyard dung:— 


Superphosphate ot lime . 
rotassium chloride (80 per cent.) 
Aoimoniutn sulphate 
Calcium sulphate (gypsum) . 


£ •. d. 

17GlbB.*0 7 8 

88 =0 0 5 

171 .. =•! 11 2 

03 „ =0 « 8 


Per acre 528 „ =2 6 11 


Me.<srs. Lawes and Gilbert have used tho following 
mixtures (per acre) for wheat, barley, and oats, with tho 


greatest success : — 


" ■ 1 

Oatii. 

' Wheat. 

Barley. 

PotasRium Bulpbato . . . 

Sodium sulphate .... 
Magncflium sulphate . . 

Supdlihosphntcs , . . . ' 

Ainuionia Balts .... 
Nitmle of soda . . . . 

200 Ihs. 
100 „ 

100 

S cwts. 

400 lbs. 

200 lbs. 

100 „ 

100 .. 

B) cwts. 
200 lbs. 

200 lbs. 

100 „ 

100 „ 

3^ cwts. 

276 lbs. 


As a general rule, seed drilled in requires more nitrate 
of soda than that sown broadcast. 
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(c) S2Hcial Maimir.'i for Potatoes, 

Liberal manuring is essential for the proper growth 
and development of potato crops. Potatoes require 
potash, nitrogen, and phosphates. They are also greatly 
benefited by dressing the land with the sulphates of iron 
and magnesia. 

The author recommends the following special manure 
for ])otato crops : — 

£ g. d. 

^Icwt. kainit 0 2 0 

For S 1 M nitrate of eoda . . . . 0 0 10 

aero. 1 \ „ iron sulphate . . • .013 

„ mineral superphosphate . .050 

0 18 1 

By using iron snljihato there is little danger of the 
crops being attacked by Peroywsj^ora in/estamt (the 
potato disease fungus).* 

Amongst the special manures for potato crops are the 
following : — 

I. n. 

Superphosphates .... 3 owts. 8 cwts. 
Sulphate of ammonia . . 1 1 ,■ 

Kainit 2 *» 1 ** 

Sodium sulphate ...» — 1 

The quantities stated to be applied per acre. 

(d) Special Manures for Mangels, Turnqis, etc. 

The author has used the following mixed manure for 

* Iron anlphnte does not act upon the nitric acid of sodium nitrate, 

xrhich otherwise would cause a loss o! nitrogen (see Dr. Devarda's 
paper in " Chem. Centr.” 1888, p. 899). 
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inaiigel-w\irzel.s on both heavy and light soils 
siderablc success; — 

j 3 cwtd. mineral superpbo^phatcfi (■>«; to ‘JS per cent.) . 

I ,, iron sulphate {connnercial) . • • • 

ilj ,, atnmonimn .sulphate {‘2 1 ptT cent.) . 

VI .. kainit (21 to 2Gper cent.) , . . • 


IM 


.'ith 

con- 

£ 

$. 

ti. 

0 

4 

(> 

0 

1 

3 

u l« 

Ti 

U 

O 

0 

1 

y 

■li 


This manure (after luixingl should be dislributod 
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broadcast by either hand or machine ; » and then covered 

over by moans of a chain-harrow (Fig. 12). 

The highest and lowest quantities ot nitrogen and 
phosphoric acid used in the prepai-ation of special manures 


‘ The above quantitioe per oerc. 

9 Good chain-hanrowe are ina<lo bjr Vipan and Headly 


(I/oiccstor). 
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for tid-nips should he the following, according to circum- 
stances : — 


1 


Medium, 

Lowest. 

Kitratc of soda 

Superphosphate (20 per cent.) . ' 

1 

4l>5 lbs. 
270 

270 lbs. 
225 .. 

ur, lbs. 
180 .. 


The above quantities should be used per acre according 
to whether the soil is ricli or poor in nitrogen and phos- 
j)lioric acid. 


(o) Special Mamtres for Grass Lands. 

Sir J. B. Lawos and Dr. Gilbert have used tlie follow- 
ing special manures for grass land with good results: — 

.500 lbs. potassium sulphate (kaiuit). 

100 ,, sodium sulphate. 

Per j 100 M magnesium sulphate, 
acre. 3} cwts. superphosphate. 

800 lbs. ammonia salts. 

'400 sodium silicate. 

“ This manure produced 44} cwts. of hay (first crop) 
per acre during the twenty-five seasons of using ‘ arti- 
ficials.’ ” 

Grass lands are benefited by top-dressings of iron sul- 
phate at the rate of f to 1 cwt. per acre. 

(f) Sjfccial Mamirvs for Flax and Hemp. 

These plants should be manured with potash salts, 
nitrate of soda, and phosphoric acid. The manure applied 
should vary with the nature of the soil in the following 
proportions per acre : — 

3(10 to 540 lbs. kainit. 

1.35 to 270 „ uilrato of soda. 

180 to 270 „ superphosphate (20 per cent.). 
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According to Dr. Fleisclimann (“Dcr Inmhcirlhschaft- 
lirhi u Versuchs-Statioucn," 1873>, the common salt (about 
3i> j)er cent.) present in kainit lias ‘‘ a good eifect upon 
the quantity and qualify ol' these crops.' 

(g) Common Salt, an ingredient of certain Special 

Manures, 

Common agricultural salt, in certain cases, is a valuable 
a'ldiiion to special manures, especially for wheat crops. 
This value does not lie in its properties as a direct jilant- 
1‘ood, for in this respect it is undoubted!}' low ; but on 
account of its chemical action upon the soil’s inert ingre- 
dients. 

(1) It “fixes” ammonia in most .soils. (2) It decom- 
poses carbonate of lime and lorms sodium carbonate, 
which has the power of dis.solving silica, and tlioreby 
provides wheat, oats, b.arloy, rye, etc., with the latter 
compound. 

The following special manure for irheat crops has been 
recommended on account of its fertilizing action upon a 
large number of soils : — 


Sulphate of amtuonin . . • ■ 

. 120 lbs. 

Salt 

100 „ 

Superphosphates 

. 200 „ 

Nitrate of soda 

40 ,, 

Insoluble phosphates (ground coprolites) 

. 2C0 

Sulphate of lime (gypsum) . 

. 280 „ 

1.000 lbs. 


The above quantity (after mixing) should bo applied 
per acre* 

Salt ontorB largely into certain composts. The late 
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Hr. Fleming used a compost of the following ingre- 
dients : — 


Common suit 
Sulpliatc of uingnosin 
Sulphate of soda 
Quicklime . 

Sawdust 
Bone-dust . 

Conl-tar 


cwt. 

li 


20 bushels. 

40 
7 






. 20 gallons. 


Tliese ingredients are made 
ferment for 3 or 4 weeks. 


nto a heap and allowed to 


Salt must not bo used too freely, as rain-water often 
contains a considerable amount of this compound. The 
late Dr. Madden showed that “ at Penicuik, near Edin- 
burgh, the rain that falls contains so much common salt 
as alone to convoy G40 lbs. to eveiy acre in a year.” 


It is to bo hoped that the farmer will study the pe- 
culiarities of his soils, and the requirements of each 
crop cultivated. By a series of experiments and obser- 
vations on the foregoing recommendations, he would be 
able to prepare his own special manures, and thereby 
save a considerable sum of money, which is now spent in 
expensive mixed manures prepared by the manufacturer 
to suit “ all sorts and conditions ” of soils. 


Concluding Remarks. 

The author hopes “ that the intelligent reader will per- 
ceive the foundations of the varied applications to the 
soil which are everywhere made under the direction of a 
skilful practice, and of the difficulties which, in many 
localities, lie in the way of bringing the land into such a 
state as shall fit it readily to supply all the wants of those 



SPECIAL MANUPES. 


150 


kinds of crops wliicli it is tlio special object of artificial 
culture casil}’ and abundantly to raise.” (Johnston.) 

Science, and especially cheniistry, has thrown a con- 
siderable amount of lif'ht on the art of cultivating the 
soil and the raising of farm crops. But there are still 
many problems requiring solution, which no doubt science 
is destined to solve for the benefit of fanners. 

Let farmers shake hands with scientific men, instead 
of standing aloof, and the art of manuring and cultivating 
tliO land would be better understood and more profitably 
carried out by agriculturists than is the case at the 
present day. 

As already stated, there arc many agricultural problems 
requiring solution, “ in regard to which agriculture has a 
right to say to chemistry, ‘There are matters which I hope 
and e.vpect you will satisfactorily clear up.’ But while 
agriculture has a right to use such language, she has her- 
self preliminary duties to perforin. She has no right in 
one breath to deny the value of chemical thcorj' to agri- 
cultural practice, and in another to ask the sacrifice of 
time and labour in doing her chemical work. Chemistry 
is a wide field, and many zealous lives are now being 
spent in the prosecution of it, witliout at all entering 
upon tlio domain of practical agriculture.’ 
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